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CHROMOSOME STRUCTURE IN THE ACRIDIDAE WITH 
SPECIAL REFERENCE TO THE X CHROMOSOME 
L. C. COLEMAN 
University of Toronto, Toronto, Ontario 


Received July 3, 1942 


XCEPT in the case of forms in which chromosomes with a median or 
submedian constriction have been found, the somatic metaphase chromo- 
somes in both the Acrididae and the Tettigonidae (grasshoppers) have com- 
monly been described and illustrated as longer or shorter rods with a terminal 
spindle attachment region. Such chromosomes have been designated as 
telomitic or telocentric as opposed to the atelomitic or mediocentric chromo- 
some forms which have been generally found both in the animal and the plant 
kingdom. It is true that more than one investigator has expressed doubts as 
to the existence of really telomitic chromosomes as stable and persistent forms. 
Thus Herz (1935) holds that all supposedly telomitic chromosomes possess 
a short second arm which, either because of its minute size or because of faulty 
fixation, is not visible in microscopic preparations (see also RHOADES 1940). 
This view has apparently not been generally accepted by cytologists who 
have investigated the chromosomes of the Acrididae, since most workers 
describe and illustrate these so-called “telomitic” or “telocentric” chromosomes 
as having strictly one arm and a terminal spindle fibre attachment. WHITE 
(1941), who is more cautious than most, expresses his views as follows: “The 
term telocentric will be used throughout this paper to indicate a chromosome 
in which the centromere is effectively terminal, so that the chromosome con- 
sists of one limb only (if a second limb is present, it is so minute that, for most 
purposes, it can be disregarded).” His illustrations of early spermatogonial 
metaphases of Schistocerca gregaria Forsk., Melanoplus femur-rubrum DeGeer, 
and Chorthippus viridifasciata DeGeer give no evidence of a second arm, and 
as already stated, this applies also to most other figures of grasshopper meta- 
phase chromosomes that have come to the writer’s attention. DARLINGTON 
(1936) appears to be the only investigator who has shown clearly the presence 
of a second arm in the rod-shaped chromosomes of Acrididae. In his figures and 
descriptions of the metaphase chromosomes of Chorthippus parallelus he 
shows clearly the presence of a distinct short arm on the rod chromosomes so 
that there are in this form five somatic pairs plus the X chromosome showing 
subterminal constrictions along with the three pairs of long chromosomes with 
submedian constrictions. 

The accompanying photomicrograph (fig. A) shows the last spermatogonial 
metaphase of Chortophaga viridifasciata. This is from a testis squash prepara- 
tion pretreated for ten minutes in Ringer’s solution containing NaCN 2-* mol, 
fixed in acetic alcohol (1:2), Feulgen stained, squashed on the slide, and 
mounted in dioxane balsam. In the photomicrograph, all the 23 chromosomes 
of the diploid complement can be seen and, in the case of most (14 out of the 
23), there is evident a very distinct short arm separated from the long arm by 
an unstained primary constriction (spindle attachment). A careful examina- 
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tion of this and similar preparations makes it quite clear that a distinct short 
arm is present in all the chromosomes of the complement including the very 
short ones and also the X chromosome. These do not all show clearly in the 
illustration, but enough are visible to indicate that a short arm is characteristic 
and that telomitic chromosomes do not exist in this form. 

In addition to the presence of short arms, the illustration also shows that 
the size of the short arm varies considerably throughout the complement. The 
long chromosome marked “a” has a very small short arm which, however, is 
distinct enough to show the chromatid split. The medium lengthed chromo- 
some marked “b” has a much larger short arm. Similarly the short chromo- 
somes show a marked difference in the length of the short arm. The one 
marked “c” has a very small short arm, while the two marked “d” have a short 
arm about one-third the length of the long one. No attempt has been made to 
classify the chromosomes of the complement on the basis of the length of the 
short arm, but undoubtedly it will serve, along with the total length, as a 
valuable criterion in this connection. 

The atelomitic structure of chromosomes is not confined to the genus 
Chortophaga. A similar structure has been established in the case of a number 
of other members of the Acrididae, notably in species of the genus Melanoplus. 
The writer is of the opinion that the phenomenon is general in the Acrididae as 
a whole, and it is probable that so-called telomitic chromosomes in other 
Orthopteran groups have a similar structure and that drawings showing this 
condition are, in general, incorrect. It is evident that this has resulted from 
faulty fixation leading to a shrinkage which has obscured the primary con- 
striction. A contributory factor may have been the usual method of staining 
(iron haematoxylin), with which it is much more difficult to differentiate a 
primary constriction than with a very selective microchemical stain such as 
provided by the Feulgen reaction. A similar faulty fixation has obscured the 
real structure of the X chromosome in the spermatocytes of Acrididae. 

The spiral structure of somatic metaphase and anaphase chromosomes in 
plants has been established beyond a doubt. It consists of a simple, rather 
tightly compressed spiral. The interlocking double spiral structure so fre- 
quently described and figured is due to the presence of vacuolation artifacts 
(see COLEMAN 1940). A similar structure is probably generally present in 
animal chromosomes but it has apparently not yet been demonstrated. Figure 
B is a photomicrograph of the last spermatogonial anaphase in Chortophaga 
viridifasciata from material pretreated and stained as described. Since the two 
anaphases have been squashed more or less on top of one another, it is only in 
a few places that individual chromosomes stand out distinctly. In some cases, 
notably in the chromosome marked above with an arrow, the formation of 
vacuolation artifact is visible. At the point below marked with an arrow a 
chromosome is shown in which the spiral structure has been retained un- 
damaged. As will be seen, it is a single spiral in all respects similar to that al- 
ready found in plants. 

The X chromosome in the early stages of first meiotic prophase of grass- 
hopper spermatocytes has been generally described as a strongly heteropyc- 
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notic body usually of a somewhat elongate pear shape and very distinct 
from the much extended autosomes. This difference applies more especially 
to the stages commonly designated as leptotene and pachytene and is found 
both in the Tettigonidae and the Acrididae. However, evidence that the 
X chromosome as well as the autosomes in the Tettigonidae possesses a spiral 
structure has existed since 1912, when WILSON (1912) illustrated, in his 
figures 93-96, a spiral structure in spermatogonial prophases of Phrynotettix 
magnus. In these cases what are illustrated appear to be relic coils of the 
previous division. Mour (1916a) found much the same structure in spermato- 
gonial divisions of Tettigonia (Locusta) viridissima. He also pictures, in his 
figures 40 and 41, the formation of a definite spiral structure of the X chromo- 
some in the late telophases of secondary spermatogonia. He was able to 
establish in this form that the heteropycnotic X chromosome in the early 
meiotic prophase really consists of a rather irregularly twisted chromonema, 
the twists in some cases taking on the form of an irregular spiral (see his 
figures 70-76). The chromonema of the X chromosome at this stage, as illus- 
trated by him, is very thick, many times the thickness of the synapsed auto- 
somes. It may be noted that he used iron-haematoxylin as a stain after fixation 
with Flemming-Benda. Later, DE WINIWARTER (1931) found in the sperma- 
togonial prophase and the early meiotic prophase of Tettigonia albifrons a 
structure of the X chromosome very similar to that described and illustrated 
by Monk. Finally, WHITE (1940) was able to establish the presence of a spiral 
structure in both autosomes and X chromosomes in the spermatogonial 
prophases of seven members of the Tettigonidae and three members of the 
Acrididae. His paper is illustrated by beautiful photomicrographs of the pro- 
phases of various Tettigonidae which bring out the sprial structure of the 
X chromosome with great clarity. However, WHITE apparently was unable to 
reveal any structure in the early meiotic prophases of any form. The existence 
of a structure in the meiotic prophase X chromosome of spermatocytes has 
not been established in the Acrididae, though the presence of such a structure 
has been rendered highly probable. 





EXPLANATION OF PLATE 

All photomicrographs are from Feulgen squash preparations and are magnified approximately 
3000 diameters. 

Figure A. Metaphase of Jast spermatogonial mitosis of Chortophaga viridifasciata. The letters 
a, b, c, d, mark chromosomes showing differences in the relative length of the short arm. 

Figure B. Anaphase of last spermatogonial mitosis of C. viridifasciata. Above, marked by an 
arrow, a chromosome shows vacuolation. Below, similarly marked, a chromosome shows the 
typical single spiral structure. 

Figures C and D. Early meiotic prophase (pachytene) in Melanoplus mexicanus showing major 
spiral structure in X chromosome. 

Figures E and F. Early meiotic prophase (pachytene) in C. viridifasciata showing major spiral 
structure in X chromosome. 

Figures G-J. Early meiotic prophase (pachytene) in C. viridifasciata showing minor spiral in 
drawn out portion of X chromosome. 

Figures K and L. Early meiotic prophase in C. viridifasciata showing to right and above major 
spiral and to left and below minor spiral in X chromosome. 
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The present investigations were confined to two members of the Acrididae, 
Melanoplus mexicanus and Chortophaga viridifasciata. The latter of these is 
identical with one of the three forms studied by WHITE, the former is closely 
related to one of the other two forms. In both cases testicular tubules were 
pretreated in Ringer’s solution to which a weak concentration of NaCN had 
been added, fixed in acetic alcohol (1:2), Feulgen stained, and thoroughly 
squashed on the slide in 50 percent acetic acid. This latter was slowly replaced 
by dioxane and the squash preparation mounted in dioxane balsam. This 
method has been found particularly suitable for revealing the finer spiral struc- 
ture in plant chromosomes (see COLEMAN and HILtary 1941). In the case of 
Melanoplus mexicanus, the strength of the NaCN was 2~* mol and the length 
of pretreatment five minutes. In the case of Chortophaga viridifasciata, the 
NaCN concentration was increased to 2~* mol and the length of pretreatment 
to ten minutes. The accompanying photomicrographs illustrate the results 
that were obtained. 

Figure C shows a spermatocyte of Melanoplus mexicanus in the pachyphase 
with the X chromosome indicated. Note that to the left the spiral has been 
drawn out, while to the right it has remained somewhat contracted. The drawn 
out portion represents the narrow end of the heteropycnotic mass usually 
figured at this stage. A rather common effect of pretreatment is a loosening or 
straightening out of the end of the coiled chromonema in this region. In figure 
D, which also shows a pachyphase of Melanoplus, the X chromonema has been 
loosened much less, and the gyres of the spiral have remained more or less 
uniform. In both cases the chromonema is much thicker and more deeply 
stained than the synapsed autosome pairs at this stage. 

The Melanoplus material had a comparatively short pretreatment with a 
very weak concentration of NaCN. With the stronger and longer pretreatment 
given the Chortophaga material, more striking and important results were 
obtained. Figures E and F show results very similar to those obtained in 
Melanoplus except that the loosened spiral is not so regular. Figure E shows 
some resemblance to WHITE’s Plate 1, figures 1 and 2. In figure F the gyres 
are arranged much less regularly, In both cases, the chromonema shows as a 
uniformly thick thread. 

In figure G is represented a condition that was commonly found in Chorto- 
phaga material. The main body of the X chromosome has remained unloosened 
and shows up as a dense uniformly stained mass. One end of the chromonema 
has loosened and appears much like the loose end of a ball of wool. In this end 
transverse striations in the chromonema (marked by an arrow in the figure) 
may be detected, and careful microscopic examination shows that these are 
due to the existence of.a minor spiral. In figures H and I, a much greater length 
of the chromonema has been unravelled so that the minor spiral is visible over 
a considerable length of the thread. Arrows indicate where this structure is 
most clearly revealed. In figure J, the loosened section of the chromonema 
stands out from the central mass above and to the right, and here the loosening 
of this portion has been so great as to reveal the minor spiral with great clarity. 
Finally figures K and L which are prints of different density of the same nega- 
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tive, confirm the correctness of the interpretation set forth in this paper. To 
the right the comparatively coarse major spiral is shown. To the left and below 
the drawn out end of the chromonema, the minor spiral is shown with great 
clearness. No fewer than five gyres are visible. It might be supposed that 
these drawn out ends represent, not a terminal portion of the X chromosome, 
but a precociously condensed autosome pair attached to the X chromosome 
as has been described and figured by DARLINGTON (1936). This is not the case, 
since there is no evidence of precocious condensation of autosomes at this stage 
in either Chortophaga or Melanoplus. There is no doubt that the drawn out 
portion is in every case an unravelled end of the X chromosome. 

It is evident that the structure in the heteropycnotic X chromosome of 
Acrididae is similar to that revealed in the first meiotic metaphase chromo- 
somes of a number of plant species (see OURA 1936; COLEMAN and HILLARY 
1941). The major spiral which appears at first to result from a spiralization of 
a rather coarse and deeply stained linear thread is really superimposed on a 
minor spiral, and the thread, in fact, is a very fine one, at least no thicker 
than the pachytene autosome threads of the same stages. In this thread, 
however, a chromomeric structure similar to that found in the autosomes has 
not yet been observed. 

WHITE (1940) has already considered the possibility of the presence of a 
minor spiral to account for the greater thickness of the X chromosome as 
compared with the autosomes at this stage but has dismissed it with the 
following words: “there seems no reason to complicate the interpretation of 
heteropycnosis, by introducing a hypothetical ‘minor’ spiral into the discus- 
sion, particularly since it has so far only been seen in plant chromosomes.” 
He considers the greater thickness of the chromonema to be due to an accumu- 
lation of thymonucleic acid, a view which has been very generally accepted to 
account for heteropycnotic chromosome structure and which has been used 
recently by DARLINGTON (1942) in support of his theory of “Allocycly.” 
Similar conclusions had been reached by the present writer (COLEMAN 1941) 
on the basis of earlier observations on Melanoplus X chromosomes but he is 
now convinced that much, if not all, of the supposed thymonucleic acid ac- 
cumulation in this particular case is due to the presence of a minor spiral which 
has heretofore not been seen. 

The phenomenon of heteropycnosis in recent years has been intimately 
associated with the occurrence of what has been looked upon as a special kind 
of chromatin, heterochromatin, believed to mark chromosome regions which 
are genically inert (HEITz 1933). The case has been presented in considerable 
detail in DARLINGTON’s (1942) recent review so it is unnecessary to go into the 
matter here. It is sufficient to note that the evidence for the association of 
heterochromatin with genic inertness is drawn largely from investigations on 
Drosophila and on the B chromosomes in maize and sorghum (McCLINTOCK 
1933; DARLINGTON and Upcott 194%; JANAKI-AMMAL 1940; DARLINGTON and 
THOMAS 1941). It may be noted in this connection that, as far as concerns the 
B chromosomes of maize, McCutntocx’s (1933) original photomicrographs 
show clearly that only a portion of them are heteropycnotic in pachytene. 





CHROMOSOME STRUCTURE 7 


This point has been emphasized by RANDOLPH (1941) dealing with the genetics 
of B chromosomes of maize. The evidence advanced by DARLINGTON and 
Tuomas for heteropycnosis in the case of the B chromosomes of sorghum is 
anything but extensive. 

In the Acrididae, there is no genetic evidence in support of this view. More- 
over, in the grasshopper oocyte, the paired X chromosomes show no hetero- 
pycnosis (McNaBB 1928; Mone 1916b), being indistinguishable in this regard 
from the autosomes, which in some species, but not in Chortophaga viridifasciata 
nor in the forms studied by these authors, show heteropycnotic segments in 
meiosis. If heteropycnosis is regularly associated with heterochromatin and is 
characteristic of it, the X chromosomes in the female must be considered as 
euchromatic. WHITE’s (1940) suggestion that the pairing of X chromosomes 
in the female is due to the presence of blocks of euchromatin interspersed 
between the main heterochromatic regions does not explain why there is no 
evidence of heterochromatin at all in the female. In any case the association 
of a special heterochromatin with heteropycnosis is entirely lacking in meiosis 
in the female, and there is as yet no evidence that the X chromosomes in the 
female differ either in thymonucleic acid concentration or in chiasma frequency 
from autosomes of similar length. Therefore, there is no justification for as- 
sociating the heteropycnosis of the X chromosome in the male with either 
heterochromatin or genic inertness. 

It is the opinion of the writer that too little attention has been paid to the 
possibility of explaining the phenomenon of heteropycnosis on the basis of 
differential spiralization. There seems to be no doubt that, at times, the 
heteropycnosis displayed in special chromosomes, such as the Y chromosomes 
of Drosophila and the accessory chromosomes of maize and sorghum, is as- 
sociated with a differential accumulation of thymonucleic acid on the one hand 
and with a comparative genic inertness on the other, but that these three 
phenomena are invariably and causally associated seems out of the question 
in the light of the evidence here presented. 

It would appear .unwise to build up an imposing theoretical structure ex- 
pected to cover all cases of heteropycnosis on the rather meagre experimental 
and observational evidence at present available. 


SUMMARY 


It has been demonstrated that in genera of the Acrididae, especially Me- 
Janoplus and Chortophaga, the somatic metaphase chromosomes, which have 
been heretofore generally described as telomitic, are really atelomitic. 

The short arms of these chromosomes vary considerably in size throughout 
the complement and would undoubtedly furnish a valuable criterion for the 
identification of individual chromosomes of the haploid complement. 

The view is expressed that these observations will have general significance 
throughout the Orthoptera. 

Somatic anaphase chromosomes of Chortophaga are shown to have a simple 
spiral structure similar to that established in the case of plants. 

By special treatment and staining, a spiral structure has been revealed in 
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the X chromosome of these forms, as found in the early meiotic prophase of 
the spermatocyte. 

The spiral heretofore established in spermatogonial prophases of Tet- 
tigonidae and Acrididae and in the early meiotic prophase of the former has 
been described and illustrated as consisting of a thick chromonema. It has 
been assumed that this great thickness is due to an accumulation of thymonu- 
cleic acid generally considered as characteristic of heterochromatin. It is now 
shown that the apparent thickness is due largely, if not entirely, to the pres- 
ence of a minor spiral upon which the major spiral is superimposed. 
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INTERRELATIONSHIPS OF THE CELLULAR CHARACTERS OF 
SEVERAL SPECIES OF COLUMBA!' 
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MMUNOLOGICAL methods have so often been employed as a means of 

differentiating species, particularly in animals but also in plants, that it is 
almost a truism to state that antigenic differences are one of the more impor- 
tant criteria by which qualitative differences between species may be assayed. 
In animal species, the serum antigens have been somewhat more widely used 
in such comparisons than have the antigens of the tissues or blood cells. 
LANDSTEINER and MILLER (1925a) suggested that this was due to the pre- 
sumption that the species specificities of the precipitins and of the hemag- 
glutinins are of the same order and that species specificity means protein 
specificity, whereas there is definite evidence that the antigens which engender 
antibodies against red blood cells do not consist simply of proteins. 

Various reports from this laboratory (IRWIN and COLE 1936a, 1940; IRWIN, 
Co.e, and GorDON 1936; IRWIN 1939) have shown that, following a compari- 
son of the relationships of the cellular characters of several pairs of species of 
pigeons and doves, certain general statements may be made. First, each species 
possessed antigenic components in common with the other and, secondly, in 
addition to the common substances, each species possessed cellular constitu- 
ents peculiar to itself (that is, species-specific characters). The hybrids between 
any two species studied invariably contained all the common components of 
the two parental species and all or nearly all the species-specific properties of 
both parents. Furthermore, segregation of the species-specific characters has 
been observed, by virtue of successive backcrosses of the species hybrid and 
selected backcross hybrids to one or both parental species. Thus, in three dif- 
ferent species crosses—Pearlneck (Streptopelia chinensis) X Ring dove (St. 
risoria), Pearlneck X Senegal (St. senegalensis), and Columba guinea XC. livia 
domestica, respectively—at least certain of the cellular characters peculiar to 
Pearlneck in the first two crosses and to guinea in the third have been ob- 
tained in unit form—that is, no further separation of these characters has been 
observed following the appropriate backcrosses. 

It has also been shown, first by immunological procedures and then verified 
by genetical findings, that some of the cellular characters which distinguish 
one species (Pearlneck) from another (Ring dove) may be shared with still a 
third species (Senegal) (IRWIN and COLE 1940). Also, at least one, and probably 
two, of the antigenic substances which differentiate C. guinea from C. livia 


1 Paper No. 302 from the Department of Genetics, Agricultural Experiment Station, UNIVER- 
sITy OF WIsconsIN. This investigation was supported in part by grants from THE ROCKEFELLER 
FounpaTION, and from the Wisconsin ALUMNI RESEARCH FOUNDATION. 

? Much technical assistance has been given in these studies by former and present Research 
Assistants in Genetics: Dr. ALFRED GOLDEN, WARREN G. BLACK, J. R. Dick, and W. H. Mc- 
GIBBON. 
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are shared by C. guinea with both Pearlneck and Ring dove (IRw1n 1938), 
showing that several species may share one or more such characters to the 
exclusion of another species. 

These and other results make highly probable the conclusion that all the 
antigens of the bloed cells are gene-determined. Hence it can be stated with 
reasonable assurance that immunological studies of similarities and differences 
of the cells of related species will yield a fairly accurate approximation of the 
gross genetic relationships of such species, although hybridization may not be 
possible between them. 

All information available at the present time leads to the conclusion that all 
or at least the majority of the cellular antigens are independently expressed, 
irrespective of the genetic complex in which each is found. If this be true, such 
characters should be eminently fitted for a study of the interrelationships of 
species. 


MATERIALS AND METHODS 


In the present investigation a comparison has been made of the interrelation- 
ships of the cellular components of each of 11 species of the genus Columba, 
with several or all of the other ten species. These species are Columba fasciata, 
flavirostris, guinea, janthina, leucocephala, livia domestica, maculosa, oenas, 
palumbus, picazuro and rufina. (The normal habitat of these species will be 
given in a later report.) The comparisons of the cellular components have been 
made on the basis of the agglutination of the red blood corpuscles of the various 
pigeon species by specially prepared “test-fluids” or “reagents,” as will be 
described below. 

Antisera were produced by injecting rabbits with washed erythrocytes from 
representatives of each of the pigeon species. The details of these methods have 
been described elsewhere (IRw1n and COLE 1936a, 1936b; IRWIN 1938). 

It was found in the earlier part of this work that an antiserum against the 
cells of any species usually agglutinated the cells of the other species of the 
genus at practically the same end-dilutions as were observed for the homol- 
ogous cells (that is, the cells used in immunization). Therefore, such tests 
on the cells of the various species did not allow a definite differentiation of the 
cells of different species. Consequently, an antiserum against the cells of a par- 
ticular species was not always tested with the cells of each of the other species. 
Although the data of such agglutinations are not listed in the table, they should 
be kept in mind as a starting point for the various comparisons. Furthermore, 
the agglutination of the corpuscles of these different species at approximately 
the same end-dilutions (usually 1:23,040 or 1:46,080) of an antiserum for 
any species indicates with certainty that an appreciable proportion of identical 
or related biochemical components was present in their respective bloods. 
In terms of the ustial comparisons of species, these reactions would denote 
“homologies” in the different species. 

However, a highly specific method of making a very clear cut differentiation 
of the cells of any two related species is possible following the absorptions of 
antibodies—in these experiments, the agglutinins. For example, guinea anti- 
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serum will agglutinate the cells of both guinea and livia at the same, or nearly 
the same, end-dilutions, but following absorption by an excess of livia cells, 
it becomes a “test-fluid,” or “reagent,” which will no longer agglutinate livia 
cells, even at the dilution used in the absorption (usually 1:60). However, this 
reagent will react with guinea corpuscles, ordinarily at a slightly lower titer 
than before the absorption (IRwIn et al. 1936). This kind of reagent, therefore, 
provides a highly specific and delicate test for distinguishing the cells of a pair 
of related species. Given such test-fluids for a pair of species, one drop of blood, 
even only a few bloods cells from either species may be identified with ease. 
As explained in previous papers (loc. cit.), the antibodies of an immune serum 
to one (the homologous) species which are absorbed by the cells of another 
species (as by those of livia in the above example) were engendered by antigens 
presumably common to the two species. The antibodies which are not absorbed 
will react with the cells of the homologous species by virtue of components 
“species-specific” to that species. It follows, then, that the cells of any other 
species which possesses cellular antigens identical with, or chemically similar to 
those peculiar to the homologous species (in relation to the cells of the species 
used in the absorption) will interact with such a reagent. Such reactions will 
occur by virtue of antigens which two or more species share to the exclusion of 
a third. This kind of reaction allows an analysis of genetic relationships of 
cellular characters, and therefore of their causative genes, among species 
hardly possible by any other technic. 

Complications would of course arise in the differentiation of these or other 
pairs of contrasted species if, for example, there were differences between in- 
dividuals within livia in the antigens common to these two species, and if 
these were detectable at the dilution of guinea antiserum used in making the 
absorptions. However, no such differences have definitely been observed in the 
more than 200 representatives of livia domestica used in these tests. Un- 
doubtedly antigenic differences between individuals of livia do exist and are 
numerous, but our experience to date in testing for such differences in birds 
leads to the belief that these would be found only infrequently, with anti- 
serums at the dilutions used in these studies of the interrelationships of 
species. Furthermore, the cells of several representatives of livia, and also of 
the different species among which these comparisons have been made, have 
usually been pooled at the various times of absorbing and testing, thereby 
probably eliminating any antibodies for possible antigenic differences between 
individuals whose cells were used in absorptions. It seems reasonable, there- 
fore, to conclude that individual differences within the respective species prob- 
ably have not appreciably influenced the interrelationships of these species, 
as elicited from these various tests. 

The interactions of the blood cells and various reagents prepared from anti- 
serums against the cells of these eleven species of Columba are given in table r. 
Antiserums against each of the species were absorbed independently by cells 
of each of the other species, as far as was possible, and the respective reagents 
thus produced were tested against the cells of the available species. (In these 
tests, the deaths of representatives of certain species—particularly of janthina, 








12 M. R. IRWIN AND R. W. CUMLEY 


leucocephala and palumbus—and inability to obtain replacements have pre- 
vented the making of tests between every possible reagent and the cells of each 
of the species.) 

The symbols used in describing the reactions given in table 1 indicate 


TABLE I 


A gglutination interactions of the cells of different species of Columba, with reagents 
prepared from the various antiserums to each of the species. 




















TEST CELLS LINE 
cau ABSORBING © ———— 
Gaicccniaue CELLS fasci- flavi- , jan- leuco- ... macu palum- pica- 

ela vostris * thine cephala livia ting CP ee oe rufina I 

(C. flavirostris C ° + ++ ++ C 4+ ++ ++ 2 

| C. guinea ( a ° + ++ ++ + c 24 3 

C. livia Cc ++ + ++ ++ o ++ +4 + ++ ++ 4 

C. fasciata } C. macvlosa C ++ 0,++ ++ ° 4 ¢ C ++ 5 
| C. oenas ++ +4 ? 2? ++ ° ++ +4 6 

|C. palumbus C ++ ? ot ++ + ++ o! o ++ Cc - 

|C. picazuro Cc az ° o+ ++ ++ o ++ 8 

\C. rufina +4 ° ° o? ++ o,+ @® ° ° 9 

C. fasciata ° c ? + ++ + o ++ C 10 

|C. guinea Cc Cc ° aa Cc +b o ++ C m2 

| C. livia ++ +> ++ ++ o ++ 2: 2a -se Fo 36 

C. flavirostris )C. maculosa + if + ++ ° + + ++ +4 33 
| C. oenas > + ? = de me ° +] ++ ts 

1C. palumbus Cc c ++ Cc c ° Cc ws 

|C. picasuro + o, + + +5 ? ° 46 16 

(c. rufina o, + o,+ o, + o o,t¢ Q@) °o 17 

C. fasciata o o,t ¢ = ? ++ 04 ++ +4 0,4 oft 18 

C. flavirostris + S Ce + 44 4 Se be «& + t9 

C. guinea ° ° ° ° ° ° ° ° ° ° o 20 

|C. janthina ++ 4+ CC @0 H+ C Hh +4 $+ $+ 44+ 2 

| C. leucocephala ° of Cc ++ o ++ o ++ ++ ° Oo 22 

C. guinea \C. livia ++ ++ C C++ 0 ++ ++ ++ + $4 23 
C. maculosa + + Cc ++ + ++ o ++ Cc ? + 24 

| C. oenas + © C++ + + + © ++ ? + 25 

IC. palumbus ° oo Cc ? ? ? ° 010 ° ° °o 8 (26 

Ic picazuro ° +& Cc ++ i of > ++ Cc ° ? 27 

C. rufina ° ° > 2S ; ++ ’ +} ++ ° o 628 

C. fasciata ° o ++ ++ o,+ Cc C o,+ + 20 

|C. flavirostris +4 o ++ ++ ++ c C 44 44 © 

| C. guinea - - ° ct | Be ao. oe 44 Gs 

C. livia T+ +7 ++ Cc ++ of} ++ S $e p> 52 

C. janthina C. maculosa C Cc Cc +4 o ++ Cc C ++ 33 
C. oenas ++ ++ 44+ +4 ° ++ ++ 34 

C. palumbus + + ° +4 ° ; & + 35 

C. picazuro + ° + hte ? ++ _® °o o,+ 36 

C. rufina 2 o ++ ++ o ++ ++ ° ° 37 

C. fasciata ° t ++ +> ++ +4 +7 ++ ++ 396 

C. flavirosiris Cc o ++ + Ee. C ++ ++ +4 = 30 

\C. guinea ++ ++ 0 +» +4 + 6 +4 ++ 40 

|C. livia ++ ++ 44 +4 +4 o ++ $+ 44 +4 ++ @ 

C. leucocephala 4C. maculosa ++ ++ ++ + o ++ ++ ++ ++ = «42 
C. oenas C ++ + o, + + ° b+ a 

C. palumbus ++ ++ ©® @ i ° Cc C 

|C. picazuro + ? +’ + + ++ ° + 45 

\C. rufina o oe ¢£ + + ++ + © © 46 
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TABLE 1—(Continued) 
































TEST CELLS LINE 
ABSORBING 
ANTISERUM CELLS ; : ; ‘ ‘ , we - : 
asci- flavi- _ ., jan- leuco- ,.. macu- alum- pica- 

ata rostris ae thina cephala —_ losa = bus zuro refine . 

C. fasciata ° ? a + + + ++ ++ + + 47 

C. flavirostris ++ o ++ + + Cc + ++ ++ + + 48 

C. guinea o, + + ° ? ? Cc + ++ ? + + 49 

|C. janthina ++ ++ 44+ o ++ CC ++ ++ ++ ++ ++ = 50 

C. livia iC. leucocephala ° ° + + ° Cc ° a + ? : a 
1C. maculosa ++ ++ ++ + ++ Cc o ++ ++ + ++ $9 

| C. oenas + + ++ o + Cs o + + + = 53 

|C. palumbus o,+ +* ? ? ? Cc o ++ ° ° + 54 

Ic. picazuro + of +4 + ? Cc + ++ + °o o,t 55 

\C. rufina + ? + + + Cc + ++ + ° °o. «656 

(C. fasciata ° cS + o- Cc ++ o ++ ++ = 57 

| C. flavirostris oe ° oF oan Cc ++ oa + ++ 58 

C. guinea c Cc ° + Cc + + ++ ++ 50 

C. maculosa + C. livia Cc c + + +4 ° in + ++ +4+ C 60 
C. oenas ++ ++ + + ++ ° s S 

C. picazuro o o, + a Cc + ° +8 62 

(C. rufina + °o ot + ++ + ° °o. «(63 

| C. fasciata °o (ot ++ oe > Cc C + + 64 

| C. flavirostris ++ ° Z Cc a i: C ++ ++ = 65 

C. guinea ++ o,+ ° ++ + ++ ++ + ++ 66 

C. oenas )C. livia mee + ++ 44 Cc ° + C ++ ++ ++ =~ 67 
\C. maculosa ++ ++ 44+ Cc ° of ++ ++ 68 

C. palumbus ci + o, +10 ++ @ Cc ° @ ++ 69 

|C. picazuro J+ ° ( S - S c o ++ #70 

\C. rufina + o ++ ++ + Cc Cc ° o 71 

C. fasciata ° o ++ + of 44> Cc o o,t! 72 

1C. flavirostris o ++ tot ++ Cot + @ 

ic: guinea o, +? ° ° o o,+* = c o o,+! 74 

| C. livia ++ + +4 C ++ 0 0,4 C C + ++ 75 

C. palumbus 1° maculosa +° 0,? + aa o of bho ¢ + + 76 
|C. oenas of o ++ ® +4 ° _ e 6S 

|C. palumbus ° ° ° ° ° ° ° ° o «678 

|C. picazuro o! ° < oo ++4+° C ° o! 79 

\C. rufina ° ° ao + ° +! ¢ ° °o 80 

(C. fase iata o ++ o,¢ + ++ 2 ° Cc G & 

|C- flavirostris cS ° + + + + ++ C ++ = 82 

C. guinea Cc ++ fe) o, + Cc et ? ++ ++ = 83 

C. picazuro C. livia ++ ++ + ++ ++ o ++ + ++ C Cc  S& 
C. maculosa Cc ++ “bk ++ o ++ +4+ C ++ = 85 

C. oenas ++ ++ + ++ ++ ° ++ ++ 86 

C. rufina ° ° ° ° ° ? ® + o «687 

(C. fasciata o 6+ ot + ++ ? o &£ £ Ss 

C. flavirostris aone ° + + + Cc + Cc C 89 

C. guinea ++ ++ ° — a ee + Cc C 90 

C. rufina $C. livia C ++ oa x. c ° C ++ Cc Cc S = 
C. maculosa ++ 44 + t+ o ++ a 4 C92 

C. oenas ++ C ++ Sana c ° Cc C 93 

\C. picazuro tor of + + oo ++ ° C 4 





whether or not agglutination of the cells (one drop of a 2.5 percent suspension) 
occurred when mixed with (two drops of) a particular reagent. (Because of the 
small volume of reagents obtainable, the tests were usually performed at double 
the dilution of antiserum that was used in the absorption. If no agglutination 
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was noted, the mixture was repeated, whenever possible, with the reagent at 
the absorbing dilution.) Thus “o” indicates that no clumping of the cells could 
be noted by microscopical examination. A 2 indicates no clumping of cells 
in the second dilution of the reagent but does not preclude the possibility that 
there might have been agglutination in the first dilution had it been used. In 
some combinations the cells were not distributed entirely at random nor were 
there well-defined clumps. Such indefinite reactions have been labelled “?.” 
The symbols “+,” “+,” “++” and “C” indicate definite agglutination, in 
various degrees, from numerous small clumps, usually plainly visible to the 
naked eye (“+”), to one large clump of cells, or complete agglutination (“C”). 

Each reading recorded in the table, except for those involving a few reagents 
prepared by the absorptions of different antisera by the cells of oenas, repre- 
sents the results of at least two separate tests, performed at different times. 
Such separate tests always were made with reagents obtained by absorptions 
of different portions of the antiserums, rather than with the same reagents. 
Occasionally, at different times of testing, the same combination of reagent 
(from a particular antiserum) and cells produced discordant results—that is, 
no agglutination occurred at one test as compared with definite clumping at 
another. In such instances both kinds of reactions have been recorded in the 
table, aso, +, etc., and may have been caused by errors in technic, by the dis- 
appearance of antibodies from an antiserum because of ageing, or by other 
causes. 

RESULTS 

The reactions of the various combinations of reagents and cells, presented 
in table 1, provide information as to whether the antigens specific to one of a 
pair of contrasted species are shared, at least in part, by other species. For 
example, anti-guinea serum absorbed by /Jivia cells agglutinates not only the 
cells of guinea but those of each of the other species as well (line 23, table 1) 
That is, at least a part of one or more of the antigens of guinea, not shared with 
livia, are found in these other species. However, it does not necessarily follow 
that each of these other species shares the same antigenic pattern of guinea 
which sets it and therefore, to that extent, each of them apart from Jivia. 

Since most, if not all, of the specific antigens of guinea, not shared with 
livia, have been recognized as single characters (antigens A, B, CD, E and F; 
IRWIN et al. 1936), following backcrosses of the species hybrids and selected 
backcross hybrids to livia, appropriate tests would tell which of these specific 
characters of guinea was shared, in whole or in part, with the other species. 
Such an analysis has been reported (IRWIN 1938), showing that certain of these 
specific characters of guinea are shared with Pearlneck and Ring dove. Similar 
assays of these characters of gu*nea have also been done with various species of 
the genus Columba, and these will be reported in detail elsewhere. 


EXPLANATION OF DISCREPANCIES 
As stated above, practically all the combinations of the different reagents 
and cells of the various species listed in table 1 have been made at least twice, 
many have been repeated several times. Only a few discrepant reactions have 
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been noted for any one antiserum to the cells of a particular species, although 
the reactions of reagents prepared from two or more antisera to the same 
species have not always agreed. That this may have been caused largely by the 
differential response of rabbits to immunization appears to be reasonable from 
the general experience in this and other laboratories (IRwIN and GOLDEN 
1942). 

The cross relationships of species can be tested reciprocally, and therefore 
very precisely, according to the principle exemplified in the following example. 
As stated above, guinea shares with each of the other species certain antigens 
which are not conimon between guinea and livia, as evidenced by the observa- 
tion that the antiserum to guinea, when absorbed by livia cells, agglutinates 
those of the other species (line 23). Therefore, the respective antiserums to 
each of these species, after absorption with Jivia cells, should agglutinate the 
corpuscles of guinea. The table shows that the results expected on this basis 
really were obtained (lines 4, 12, 32, 41, 60, 67, 75, 84, and g1 in the column 
under guinea cells). 

By far the greater majority of the reciprocal reactions of the table are in 
agreement for presence or absence of agglutination. A few, however, have 
given discrepancies on this basis of comparison. For example, although the 
absorption of anti-guinea serum by the cells of palumbus removed the aggluti- 
nins not only for themselves but for those of flavirostris as well (as shown by a 
lack of agglutination of flavirostris cells with this reagent, line 26), the anti- 
serum to flavirostris after exhaustion by the corpuscles of palumbus reacted 
definitely in duplicate tests with guinea cells (line 15). Although the fractiona- 
tion of various guinea antiserums did not show that this species shared any 
antigen with flavirostris which was not also shared with palumbus, proof of this 
relationship was obtained by the reciprocal tests with flavirostris antiserum. 
Thus the conclusion seems reasonably valid that the antibodies for that par- 
ticular part of guinea were not contained in the different guinea antiserums 
used. Notations in the table, calling attention to such discrepancies in the re- 
ciprocal relationships, are marked at the pertinent combinations of the dif- 
ferent reagents and cells, using a common superscript, in this particular com- 
parison the superscript 3 (lines 15 and 26). The results of all the interactions of 
reagents and cells have been similarly examined for reciprocal agreement, and 
only ten such discrepancies have been observed in the many combinations of 
the table. 

Another type of discrepancy is possible and has been found among the in- 
teractions of the cells from the different species with reagents prepared from 
a particular antiserum. An example of this kind may be noted in the inter- 
action of flavirostris cells-with reagents prepared from /ivia antiserum by ab- 
sorption with the cells of palumbus and picazuro, respectively (lines 54 and 55). 
The corpuscles of flavirostris are agglutinated by the first reagent (line 54), but 
not by the second (line 55). These results are at variance, because the reagent 
prepared by the use of palumbus cells removes the antibodies for those of 
picazuro, whereas palumbus cells are agglutinated by the second reagent. Thus, 
of the antigens of livia, palumbus shares the same (as X, Y, and Z), and more 
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than does picazuro (as Y and Z). It would be expected, therefore, that the cells 
of palumbus would by absorption remove more antibodies from /ivia antiserum 
than would those of picazuro. Hence the cells of another species might not be 
agglutinated by the reagent prepared by exhausting this antiserum of anti- 
bodies for palumbus cells but could be clumped by the reagent produced by 
absorption with picazuro cells. The lack of agglutination of flavirostris cells, as 
shown in line 55 of the table, is therefore not in accord with expectation, since 
these cells are agglutinated by the reagent of anti-livia serum absorbed by 
palumbus corpuscles. These paired comparisons are both marked with the 
superscript “a.” Comparable discrepancies of differences in expected results 
of reactions of the species cells with reagents prepared from a single antiserum 
are similarly marked with letters as superscripts. 

The expected agreement in reactivity between cells and reagents for a 
particular antiserum may be stated as follows. After absorptions of any anti- 
serum by the cells of any two or more species, if the homologous corpuscles are 
found to share the same components with these two or more species, the re- 
active capacities of their respective cells should agree when in combination 
with all other reagents produced from this antiserum. Furthermore, the re- 
actions of the cells of other species toward the reagents produced by the respec- 
tive absorptions of this antiserum with the corpuscles of these species should 
also be parallel. 

On the other hand, the results may show that a particular species shares a 
part of its complex with one species, and this same complex plus additional 
antigens with another, as guinea shares with oenas all the components, and ad- 
ditional ones, which it has in common with flavirostris (line 25). Then within 
guinea antiserum there may not legitimately be a zero (0) reaction for any 
cells with the flavirostris reagent and a plus reaction for the same cells with the 
serum absorbed by the cells of oenas. Further, converse agglutinabilities should 
obtain for the cells of these two species—that is, cells of flavirostris should not 
react with any reagent from guinea antiserum which fails to agglutinate the 
corpuscles of oenas, whereas the cells of oenas, by virtue of the additional anti- 
gens, may readily be agglutinated by reagents which do not react with those of 
flavirostris. 


ANALYSIS OF GUINEA 


In explanation of the meaning of the various tests given in table 1, it may 
be helpful to consider in detail the relationships of guinea to the other species 
as shown by the assay of its immune serum. One should keep in mind that the 
antibodies of the antiserum to a species represent what may tentatively be 
termed specific counterparts of the antigens of the cells of that species, so that 
fractionating an antiserum by the various absorptions is a means of separating 
the antibodies for the respective cellular antigens of a species. 

Furthermore, two kinds of relationships are possible between particular 
antigens that are shared by any two or more species. They may be indis- 
tinguishable and therefore presumably identical, as was demonstrated by 
LANDSTEINER and MILLER (1925b) for the A and B characters of human blood 
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cells when present singly or together in the blood of anthropoid apes. Or 
these cellular characters in different species may be similar in structure but 
not identical. Examples of the latter kind have been demonstrated in lower 
monkeys with antigens similar to, but distinguishable from, the B character of 
human cells (LANDSTEINER and MILLER 1925c). Similarly, substances related 
to but not identical with either the M or N characters of humans have been 
found in some of the apes and lower monkeys (LANDSTEINER and WIENER 
1937; WIENER 1938). Examples of antigenic similarities within the latter cate- 
gory have been observed in different species of birds (IRWIN, 1938; IRWIN and 
COLE 1940), although in these the respective antigens assayed may not have 
been produced by single genes, as presumably are those of humans given 
above. Some of the genetic implications of these relationships have already 
been discussed (IRWIN and CUMLEY 1940). 

It is a fundamental tenet of immunology that antibodies will be engendered 
in an organism only to the antigens used in immunization. (A few possible ex- 
ceptions to this rule appear to be satisfactorily explained on other grounds.) 
Therefore, the absorption of guinea antiserum by the cells of guinea and sub- 
sequent tests on the cells of the different species (line 20) are of significance. 
Since this absorbed serum showed no agglutination whatever with the cells 
of any species, we may conclude that guinea antiserum contained antibodies 
for no other antigens than those found in guinea cells. Results duplicating these 
were obtained following the absorption of anti-palumbus serum by the cor- 
puscles of palumbus (line 78). 

As stated above, the reagent produced from guinea antiserum by the ad- 
sorption with livia cells reacts with the cells of each of the other species as 
well as with those of guinea (line 23). On the basis of these reactions, however, 
it cannot definitely be told whether the antigenic complexes which guinea 
shares with any two other species, as fasciata and oenas, to the exclusion of 
livia, are the same or different. This kind of assay of the different relationships 
requires an extension of the absorption technic and will be given in a later 
report. Although different degrees of agglutinative reactions to this and other 
reagents have been noted for the cells of certain species, it is doubtful if such 
differences can be considered as more than tentative indices of significance. In 
our opinion, the only criterion of a trustworthy differentiation is the lack of 
reaction of a particular reagent toward the cells of one species, as compared 
with definite agglutination with the cells of another. 

When anti-guinea serum was absorbed by the cells of flavirostris, the reagent 
so produced agglutinated the corpuscles of each of the other nine species 
(line 19). Each of these species, then, shares with guinea one or more antigens 
not common to guinea and flavirostris. As stated above, the antigens of guinea, 
not found in /ivia, are shared in part with flavirostris. Guinea therefore shares 
some antigens with livia that are not found in flavirostris and some with 
flavirostris that are not held in common with livia, and, presumably, guinea 
shares many with both flavirostris and livia. (For somewhat comparable rela- 
tionships, see the diagrammatic representations of the antigens of guinea, livia, 
Pearlneck and Ring dove, IRWIN 1938.) 
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Exhaustion of anti-guinea serum with the cells of janthina and maculosa, 
respectively, provided reagents which also agglutinated in various degrees the 
cells of the other species (lines 21 and 24), except those used in the individual 
absorptions. These results therefore parallel those obtained with the reagents 
produced in this antiserum following independent absorptions by the cells of 
livia and flavirostris, except that a different species is involved in each com- 
parison with guinea. Unfortunately the relationships of guinea to these four 
species, as well as to the others, cannot be accurately diagrammed from the 
data presented. That is, from the results obtained with the reagent produced 
by exhausting guinea antiserum with cells of flavirostris, for example, no state- 
ment can be made as to whether the agglutinations of the cells of any two 
species, as fasciata and leucocephala, are by virtue of the same or different char- 
acters. But, on the basis of the reactions observed following fractionation of 
the antiserum to guinea cells by these four absorptions, it can be reasonably 
concluded that the antigens which engendered these antibodies must have been 
numerous. 

The reagent prepared by absorbing guinea antiserum with the corpuscles of 
oenas agglutinated the cells of each of the other species except flavirosiris, 
although it produced only a faint trace of agglutination, if any, with the 
corpuscles of picazuro (line 25). Since there is agglutination of the cells of 
oenas following absorption of this antiserum by those of flavirostris (line 19), 
as stated above, it appears that guinea shares with venas the same and more 
substances than are shared with flavirostris. Guinea cells are therefore un- 
doubtedly more closely related in antigenic structure to those of oenas than to 
those of flavirostris. Thus, the cells of oenas will be expected always to be 
agglutinated by the different reagents prepared from guinea antiserum, which 
clump those of flavirsotris; oenas cells may also be agglutinated in combina- 
tions with reagents which do not clump flavirostris corpuscles. According to the 
principles stated above, this latter reaction is possible by virtue of the antigens 
of guinea shared with oenas but not with flavirostris (for examples, see lines 
22 and 28). 

A slightly different picture of species relationships may be noted from the 
results of tests with reagents obtained by the respective absorptions of guinea 
antiserum with the cells of the remaining species. Following absorption with 
fasciata cells (line 18), the test fluid agglutinated strongly the cells of guinea, 
janthina, livia, oenas, and palumbus. Discrepancies in results have been ob- 
served for this reagent with the cells of flavirostris, maculosa, picazuro, and 
rufina, in that no agglutinations, in contrast to only a relatively few clumps of 
cells, have been noted for the cells of each of these species at different times of 
test. It is probable, however, that guinea shares with each of these latter 
species a very minute fraction of its cellular antigens not common to fasciata. 
The suspicious reaction of this reagent (guinea antiserum absorbed by the 
cells of fasciata) with the cells of leucocephala has been repeatable and there- 
fore presumably represents a definite but minute antigenic similarity of 
guinea and leucocephala to the exclusion of fasciata. This relationship is verified 
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by the reciprocal test—that is, agglutination of guinea cells by leucocephala 
antiserum absorbed by fasciata cells (line 38). 

Following exhaustion of guinea antiserum by the cells of picazuro, no clump- 
ing was noted with the corpuscles of fasciata or leucocephala, and only sus- 
picious reactions with those of maculosa and rufina (line 27). The antibodies 
were removed in this absorption for the cells of fasciata and leucocephala as 
well as for the absorbing cells. However, the reciprocal test of leucocephala 
antiserum absorbed with picazuro cells (line 45) showed definite agglutination 
of guinea cells (discrepancy 7). It is therefore probable that the guinea anti- 
serums, from which these reagents have been derived by exhaustion with 
cells of picazuro, were deficient in the antibody specific for that part of the 
pattern shared with the cells of leucocephala to the exclusion of picazuro. 
(The possibility of a non-specific absorption of the antibody cannot be entirely 
excluded in explanation of the discrepancy.) 

Since absorption by rufina cells removed from guinea antiserum the agglu- 
tinins for picazuro cells and for those of flavirostris as well (line 28), it may be 
concluded that all the cellular antigens which guinea shares with flavirostris 
and picazuro are also shared with rufina. It is probable, also that guinea and 
rufina have a small fraction of antigenic components in common to the exclu- 
sion of picazuro (compare reactions of cells and reagents in lines 27 and 28). 
Furthermore, since rufina cells by absorption likewise remove the antibodies 
from guinea antiserum for the corpuscles of flavirostris but not for those of 
oenas there is pertinent evidence for the statement that guinea shares a 
complex of antigens with the three species, flavirostris, oenas, and rufina. In 
addition to the complex held in common with these three species, guinea shares 
other characters with oenas and still others with rufina. Guinea is therefore 
more closely related to both oenas and rufina than to flavirostris, but these 
tests do not allow a statement concerning any possible difference in the degree 
of relationship of guinea to either oenas or rufina. 

Following absorption of guinea antiserum with the cells of /eucocephala (line 
22), no antibodies remained for either picazuro or rufina corpuscles, nor for 
those of maculosa. Naturally, antibodies were also removed for the cells of 
any species which had less of guinea substances than any one of these—that is, 
fasciata and flavirostris. On this basis, guinea is more closely related to leuco- 
cephala than to rufina, picazuro, fasciata, flavirostris, or maculosa. The data, 
however, do not permit a statement as to what extent guinea shares the same 
antigens with oenas and leucocephala, respectively. 

Finally, when the antiserum to guinea was absorbed by the cells of palumbus, 
only suspicious reactions were observed with the cells of janthina, leucocephala, 
and livia, and none with those of the others except with the homologous cells 
(line 26) and possibly with flavirostris (discrepancy 3). These particular results 
show that guinea shares with the other nine species very few, if any, of its 
cellular antigens not common to palumbus. Reciprocally, guinea cells exhaust 
palumbus antiserum (line 74) of antibodies for the cells of flavirostris, livia, and 
picazuro, and leave antibodies capable of reacting at the first dilution only 
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weakly with the corpuscles of the other species. Palumbus cells, however, were 
agglutinated strongly by this latter reagent. Thus it seems reasonably definite 
that guinea and palumbus are more closely related to each other in these 
cellular characters than to any other species of those tested. 

The logical conclusion to be drawn from the fractionation of guinea anti- 
serum, as described above, is that the cellular characters of guinea form a 
complex pattern within which are woven interlocking relationships with each 
of the other ten species. Just how these antigens of guinea are interwoven 
among the other species cannot be determined precisely from the data here 
presented, but are susceptible to experimental assay, as will be described 
elsewhere. 

GENERAL RELATIONSHIPS 


The antiserum for each species might be analyzed in detail in the same 
manner as has been done above for guinea antiserum. From such analysis 
would emerge a picture of the antigens of each species interlocking in intricate 
but somewhat dissimilar patterns with those of the others. In general, the in- 
terrelationships of the cellular characters of one species to those of the others 
may be divided into several reasonably well defined groups, as follows: 


(1) The antiserum to one species, when absorbed by the cells of another, 
may still react in various degrees with the corpuscles of all the other species. 
For example, anti-guinea serum when absorbed with /ivia cells reacted with 
the cells of each of the other species. Likewise, the antisera to each of the other 
species (excluding /ivia antiserum), when exhausted by Jivia cells (with but 
one possible exception—line 75), agglutinated the cells of all other species. 
Thus the antigens of one species, not shared with another, may be shared at 
least in part with all the other species. 

(2) Absorption of an antiserum by the cells of another species may remove 
antibodies not only for the absorbing cells, but for those of one, two, three, 
or more other species. That is, a given species may share (a) a complex of anti- 
gens with one species, it may share (b) either the same complex or this same 
complex plus additional antigens with another species, or (c) all the antigens 
of the second species plus others with a third, etc. Different degrees of rela- 
tionships between species may be seen in the data of the table. 

Thus anti-fasciata serum, when absorbed by guinea corpuscles, agglutinated 
in varying degrees the cells of the ten other species (line 3). Fasciata then 
shares cellular antigens, but not necessarily the same antigens, with each of 
the other species which it does not share with guinea. Furthermore, when 
fasciata antiserum was exhausted by the cells of picazuro (line 8), no reaction 
was obtained between the reagent so produced and guinea corpuscles. There- 
fore, fasciata possesses in common with picazuro all and more cellular anti- 
gens than are shared with guinea. Similarly, since the reagent produced by 
absorption of fasciata antiserum by rufina corpuscles (line g) failed to agglu- 
tinate either guinea or picazuro cells (as well as those of other species), whereas 
rufina cells are agglutinated by each of the other reagents produced from this 
antiserum, it seems certain that fasciata cells in common with those of rufina 
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have all the antigens which are shared with picazuro and guinea, plus others in 
addition. 

(3) It is conceivable that two species could be so closely related that neither 
would share with any other species the cellular characters which distinguish 
the one from the other. No examples of this kind are to be found in the data 
of table 1, although, as cited above, guinea and palumbus are very closely re- 
lated. A slightly different picture of antigenic relationships may be seen for 
picazuro and rufina. Picazuro shares practically no cellular characters with 
any other species that are not shared with rufina and seemingly has only a 
small proportion of antigens particular to itself (line 87). On the other hand, 
at least some of the antigens of rufina, not in picazuro, are shared by fasciata 
and venas, and a minute fraction by guinea and livia (line 94). Therefore, it 
appears that picazuro and rufina are very closely related, but that picazuro 
has less of antigens specific to itself than has rufina. 

The question naturally arises as to whether the antigenic components, and 
therefore the causative genes, of one species may simply be the sum of those 
found in several related species. That is, does any one species have cellular 
characters which are particular to that species alone and are not found in 
any other? It is conceivable that some species may possess genes with antigenic 
effects quite unlike those of any combination of other species, while most, if 
not all, of the antigens of others may well be nothing more than the sum of 
the components of certain combinations of related species. This question will 
be considered further in future reports. 


OTHER ANALYSES 


Another step in the analysis of the interrelationships of the antigenic char- 
acters of these species that can be made would be to determine if there are 
any parallel reactions of the various species’ antiserums, when each is sepa- 
rately absorbed with the cells of a single species and then tested with the cells 
of each of the other species. That is, do the reactions of the respective anti- 
serums thus absorbed, toward the corpuscles of all the various species, sug- 
gest a common complex of antigens between any two or more species which 
are shared to the exclusion of a single species? Such comparisons may very 
easily be made by a rearrangement of the data of table 1, listing together the 
reactions of the various antisera, following absorption by the cells of a single 
species, toward the cells of each of the different species. 

An example of this kind may be noted in the reactions of antiserums to 
flavirostris, maculosa, picazuro, and rufina, respectively, following the absorp- 
tions of each by the cells of fasciata (compare lines 10, 57, 81, and 88). Except 
for differences in the degree of reactivity of these four reagents toward their 
homologous cells, their reactions toward the cells of other species are very 
similar. There were relatively weak or uncertain agglutinations of the respec- 
tive reagents with the cells of guinea and none with those of palumbus. Thus, 
these four species share no antigens with palumbus, and very few with guinea, 
that they do not possess in common with fasciata. 

Substantiating evidence of the statement made earlier that guinea and 
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palumbus are closely related in their content of cellular antigens may be 
derived from the interactions with the cells of either guinea or palumbus to 
reagents produced by absorption of antiserums to the remaining nine species 
by the cells of the other. When the absorptions were done with guinea cor- 
puscles, the reactions for palumbus cells were completely wiped out in the 
antiserums from flavirosiris and leucocephala, with faint if any reactions with 
those from livia, maculosa, picazuro, and rufina. Exhaustions of the antiserums 
to picazuro and rufina were not done with palumbus cells; the other anti- 
serums, except that to flavirostris, when exhausted by palumbus cells gave only 
questionable, if any, reactions with guinea corpuscles. 

A similar substantiation of the close relationship proposed previously be- 
tween picazuro and rufina will be obtained if the data of table 1 are examined 
in like manner. The cells of picazuro exhausted the respective antiserums ap- 
preciably, but not entirely, of the antibodies for rufina corpuscles, while 
exhaustion of the different antisera by the antigens of rufina in every instance 
removed also the antibodies for picazuro cells. Thus the conclusion seems valid 
that whereas picazuro and rufina both share antigenic components with the 
other species, in every comparison of these two with a third species, rufina 
shares all and usually more cellular components than does picazuro. These 
results agree entirely with the statements made above, that rufina has more 
cellular components specific to itself than does picazuro. 

Furthermore, the reagents produced by absorptions of these different anti- 
sera by picazuro cells (except in anti-flavirosiris serum) reacted only faintly, if 
at all, with flavirostris cells. Results paralleling these were obtained following 
the absorptions of the same antiserums with the corpuscles of rufina—that is, 
no reaction of flavirostris cells except with this type of reagent from the homol- 
ogous antiserum. The reactions for the corpuscles of fasciata were generally 
faint, if any existed at all, with the reagents obtained by absorptions of the 
respective antiserums by the corpuscles of either picazuro or rufina. 

There are many other ramifications of the relationships of the species that 
could be discussed in detail. Perhaps the most important single conclusion 
that can be drawn from an analysis of these antigenic relationships is that 
each of the species studied, in its interrelationships with the others, appears 
definitely to be an entity. How far variation between individuals within any 
of these species may be found to reduce the distinction between the species 
is an open question. It must be admitted that the number of representatives 
from these different species which were available for testing was extremely 
small, and the hazards of extrapolation from these few to the species as a whole 
should not be minimized. However, as stated above, we question, in the light 
of our experience, whether differences in the antigenic composition of indi- 
viduals would materially change the results of the relationships reported here, 
particularly at the level (dilution of antiserums) at which the tests were made. 

For example, two recently imported birds of the picazuro species were ob- 
tained early in 1937 from a dealer in California. Later, two more birds of this 
species were provided by courtesy of Drs. Hotmperc and Rose ti of the 
ZOOLOGICAL GARDENS OF BuENOs ArREs. Still later, 11 of these birds, coming 
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from two recent importations from South America, were purchased from a 
dealer in Maryland. Although not all the tests involving absorption by, or 
agglutination of, picazuro cells were repeated for these different samples of 
the species, in no case in which duplicate tests were made was there a sug- 
gestion of different reactivities. 

Another general conclusion is that there appears to be a reasonably well- 
pronounced tendency for certain of these species to resemble each other more 
than others. Thus fasciata, flavirostris, maculosa, picazuro, rufina and, insofar 
as the data show, leucocephala appear to be more closely interrelated each to 
the others than they are to guinea, livia, oenas, palumbus, and probably 
janthina, and vice versa. Since these groupings coincide with the native habitat 
of these different species in the Old and New Worlds, respectively, there may 
well be for these species a significant correlation of geographical habitat with 
evolutionary progression. A paper to follow will discuss these relationships. 

Although the evidence points strongly to the conclusion that the gene com- 
plexes affecting the cellular characters of these species may be roughly divided 
into two primary groups, it seems reasonable to conclude from the above tests 
that the characters common to any two of the species are probably more 
numerous than are those which are particular to either of the species. As 
stated above, the cells of these different species very seldom, if ever, are 
clearly differentiated by their reactivities with untreated antiserum against 
any species—that is, each antiserum agglutinates the homologous cells and 
those of the other species to approximately the same end-dilutions. The logical 
inference to be drawn from such interactions is that a species shares a consider- 
able proportion of its cellular antigens with all these other species. It is not 
unreasonable to assume that a goodly proportion of the characters common to 
two species are also common to all the species. 

Granted that an accurate estimate cannot now be reached of the number of 
characters shared by any two of these species, and even less of those probably 
shared by all, nevertheless an approximation may be made of the relative 
proportion of the chromosomes of guinea which bear genes making for common 
and species-specific cellular characters, respectively, in contrast with Jivia. 
From such information, it is possible to postulate a somewhat similar relation- 
ship between other pairs of species. It was previously shown (IRWIN et al. 
1936) that there were six cellular characters (A, B, C, D, E, and F) which dif- 
ferentiate the blood cells of guinea from those of livia. At the present writing 
only five of these are available in unit form; antigen C has not been perpetu- 
ated singly. These characters have segregated in the offspring of the back- 
crosses to livia of the species hybrids between guinea and livia, and selected 
backcross hybrids. Each of these guinea components is assumed to be pro- 
duced by the action of one or more genes on a chromosome in guinea; unless 
there is a linkage between some of these genes, there are five or six chromo- 
somes of guinea which produce “major” cellular antigens, specific to guinea. 
(It is entirely possible, of course, that any one or all of these five or six chromo- 
somes may also carry genes which produce effects common to the two species, 
as well as particular to guinea.) These are called major characters because they 
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are expressed at relatively high dilutions of the absorbed antiserum; A and F 
usually are agglutinated at end-dilutions of 1:180 or 1:360, and B, D, and E 
ordinarily react at end-dilutions of 1:1440, often as high as 1:5760. It is, of 
course, conceivable that there may also be “minor” characters peculiar to 
guinea, but these supposedly would be expressed only at lower dilutions (less 
than 1:60) of guinea antiserum than have been used in these tests. Therefore, 
except that there may be minor characters specific to guinea, any other genes 
in guinea producing antigenic effects in the red blood cells should produce 
components shared with /ivia. (It is possible, in fact probable, that the so- 
called “major characters” of guinea may individually be the result of joint 
effects of several genes on the respective chromosomes. Since it has been 
shown (Irwin 1938) that qualitatively different component parts of the 
CD and E characters of guinea may be shared by Pearlneck and Ring dove, 
respectively, to the exclusion of livia, it appears rather improbable that these 
antigens are each produced by a simple gene, or by the action of the individual 
chromosomes as a whole in guinea, as proposed in essence by GOLDSCHMIDT 
(1940). 

Evidence applying rather directly to this point may be adduced from the 
results of experiments on the number of cellular antigens within a species. 
The greatest number of these known at the present writing for any species has 
been found in this laboratory in the cells of cattle (FERGUSON 1941; FERGUSON 
et al., 1942). The 30 cellular antigens now recognized in cattle furnish sub- 
stantiating evidence for the proposal that one or more genes on each of the 
chromosomes of a species may have effects on the antigens of the blood cells. 
(The work of LANDSTEINER and LEVINE (1932), ToDD (1930), and unpublished 
results from this laboratory indicate very strongly that a similar situation 
holds for the cells of the chicken.) If this be true, and if, therefore, one or 
more genes on each of the presumed 30 pairs’ of chromosomes of guinea have 
such effects, the genes on only five or six of these serve to distinguish guinea 
from livia. Presumably all the other antigens of guinea would be shared by 
the two species, although, as stated above, there might be “minor” antigens, 
not expressed at the level of the recorded tests, which would be species- 
specific to guinea but not readily detectable. That is, it is entirely possible 
that one or more genes on each of the probable 24 other chromosomes of 
guinea, than these five or six which produce specific guinea characters, initiate 
antigens common to both guinea and livia. 

Each of the cellular characters which differentiate guinea from livia has so 
far behaved as a unit in inheritance and might therefore be construed as being 
determined by a single gene. On such an interpretation, there would be the 
somewhat anomalous situation in which the erythrocytes of guinea differed 
from those of livia (a different species) in the effects of only six genes, whereas 
the cells of individual cattle (the same species) theoretically may differ by the 


3 Actual counts of the chromosomes of guinea have not been made. On the supposition that 
the chromosome numbers of the species of Columba and Streptopelia would be very similar, we 
are assuming that these species of Columba have the same number as /ivia and Ring dove—that 
is, approximately 30 pairs (unpublished data by T. S. PAINTER, personal communication). 
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efiects of as many as 30, since no two of the causative genes seem to have a 
simple allelic relationship. (Actually, however, the lowest number of known 
antigens observed in the cells of any individual in cattle has been four or five, 
while the greatest number has been rarely, if ever, above twenty. Furthermore, 
nearly all the cellular antigens recognized in cattle might be classed as “minor” 
characters. That is, they are reactive at dilutions of their respective reagents 
much lower than those which have detected the five or six “major” characters 
specific to guinea.) It therefore seems more probable that each of the five or 
six cellular antigens specific to guinea is produced by two or more genes on the 
individual chromosomes. 

Furthermore, any species which possessed all the cellular characters which 
are common to guinea and livia, as well as a part of the components specific 
to guinea in contrast with livia, would certainly differ from guinea only to the 
extent that it did not share the guinea specific substances in toto. Only palumbus 
appears to have in common with guinea practically all the components shared 
between guinea and livia (line 26) as well as a part of those specific to guinea, 
in contrast to livia. Unpublished evidence suggests that palumbus contains 
all the specific guinea characters A and F, but only a part of CD and E, and 
no more than a minute fraction, if any, of B. Hence guinea differs from palum 
bus in the biochemical composition of its erythrocytes in the effects of genes 
on three or four chromosomes—namely, those with genes affecting, respec- 
tively, character B and parts of characters CD and E, 

Although there is definite evidence that the blood cells of guinea differ from 
those of /ivia in five or six major antigens, and by inference differ from those 
of palumbus in three characters, each determined by one or more genes on as 
many chromosomes, there is no reason to assume that the chemical differences 
between these species are limited to these cellular characters or to the effects 
of the genes causing them. Recent results have shown a segregation of antigens 
specific to the serum of one of the parental species, in backcross individuals 
from each of three different species crosses (CUMLEY, IRWIN and COLE, 1941; 
CuMLEY and Irwin, 1942, unpublished data; IRwrn and CUMLEY 1942). The 
species-specific constituents of the serum have separated independently of 
those of the cells in each of the four kinds of backcross progeny, implying 
independent and specific action of the genes in each species producing the 
species-specific effects in the cells and serum, respectively. Hence in guinea 
it is reasonable to assume that chromosomes other than those which carry 
genes producing the five or six guinea specific characters of the cells may have 
genes influencing the chemical composition of the serum (proteins). Whether 
the chromosomes of guinea, carrying genes for any kind of biochemical dif- 
ferentiation of that species from any other, will also carry genes affecting 
other characters distinguishing that species is still an open question. Could 
this be answered, it would undoubtedly provide information as to the relative 
importance of the various. kinds of characters by which differentiations of 
species are attempted. 

All these comparisons of species relationships have been made herein on the 
basis of characters which definitely distinguish one species from another (that 
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is, species-specific characters). Also, an extension of the comparisons has been 
made to determine whether the specific characters of one species are shared, 
at least in part, with still other species of the genus. The emphasis is therefore 
placed first of all on the differences between a pair of related species, with the 
underlying assumption, based on a reasonable amount of experimental evi- 
dence, that the differences as well as the resemblances are genetically de- 
termined. Moreover, in the light of our present knowledge, the genes respon- 
sible for the cellular characters appear to produce their effects irrespective of 
the total genetic complex. Thus, effects of both external and internal environ- 
ment on these characters are presumably at a minimum. 

In some respects this kind of biochemical assay of relationships between 
species differs slightly from the general picture of relationships obtained by 
the methods of either classic taxonomy or cytology. ANDERSON (1937) states 
that “cytology, or more properly karyology, concerns itself with the architec- 
ture of the germplasm; taxonomy with the adult forms which result from 
germplasms.” In general, these two disciplines deal primarily with homologies 
between species, whether the homologies are in the nature of a morpho- 
logical character or in the banding of a salivary chromosome. The examination 
of the salivary gland chromosomes of various species and strains of Drosophila 
has resulted in a picture of differences in gene rearrangements, or inversions, 
in these forms. Such studies are somewhat comparable, then, to these bio- 
chemical studies of differences between species. For example PATTERSON 
(1942) has compared, among others, five species of the group of D. virilis and 
has proposed that one species, americana, evolved from hydrids between 
novamexicana and texana. Although STURTEVANT (1942) has questioned the 
specific status of certain members of the virilis group, they serve to emphasize 
the well-recognized fact that it is possible that gene rearrangements have 
played a significant role in the evolution of species. Similar studies have been 
made by several workers on populations of races A and B of D. pseudoobscura, 
as a result of which a phylogenetic chart of relationships has been constructed 
(DoBzHANSKY 1941). Should it be found that gene rearrangements are accom- 
panied by biochemical changes, their probable role in evolutionary processes 
could hardly be questioned. It has already been shown (CUMLEY 1940) that 
grouping of Drosophila species by serological methods corresponds relatively 
closely to the grouping by the use of morphological characters. In our opinion, 
these methods may be employed to determine whether the various kinds of 
gene rearrangements of themselves produce biochemical changes. 

In conclusion, the experimental evidence from all species crosses, from which 
an assay of the segregation of antigens has been made, indicates strongly that 
the biochemical characters of the blood cells of such pigeon and dove species 
by which one species is differentiated from another appear to be produced by 
the action of one or more, probably usually of several, genes on each of a 
relatively small proportion of the chromosomes of the respective species, 
rather than by genes scattered over most of the chromosomes. In our opinion, 
parallel relationships obtain between the various species reported in this 
paper, although species hybrids and backcross hybrids have not yet been 
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obtained between them. These findings suggest that at least the major changes 
of this kind, which have taken place in the germinal material, have been con- 
fined to a few chromosomes. Eventually it should be possible to assay the 
chemistry of these or comparable characters, presumably thereby gaining 
some knowledge of the structural changes (DOBZHANSKY 1941, p. 85) that 
must have occurred in genes during the evolution of species. Such a statement 
is based on the supposition, as previously proposed (IRWIN and COLE 1936a; 
HALDANE :938) that the cellular antigens are more or less primary products 
of their causative genes. 
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N THE mouse a peculiar relation exists amongst three lethal mutations 

which produce similar effects on development. Animals which inherit two 
doses of the same lethal die as early embryos, while those which inherit one 
dose each of two different lethals of this group may be viable. This is the 
result to be expected when the lethals involved occupy different loci, but in 
the present case the different lethals have shown no recombination with each 
other and may therefore be considered either as unilocal or as occupying dif- 
ferent loci amongst which crossing over is prevented. 

If the first alternative were proved to be correct, there would be revealed a 
type of complementary interaction amongst alleles which could not be recon- 
ciled readily with theories which regard changes at the same locus as purely 
quantitative in character. It is a fact, however, that the mutations in ques- 
tion have certain other effects in common and thus resemble other series of 
multiple alleles, the members of which appear to differ in quantity of effect. 

The first step in resolving this contradictory situation is to determine 
whether or not the mutations involved are unilocal. In the present paper the 
question will be examined as to whether or not any recombination occurs in 
animals heterozygous for different members of this group of lethals. 


MATERIAL 


The mutations used were first found and described by DoBRovoLskalIA- 
ZAWADSKAIA and KoBozieEFF (1927, 1932). The genetical analyses upon which 
the current interpretations rest were carried out by CHESLEY and DUNN 
(1936), DuNN (1937 and 1939), and DunN and GLUECKSOHN-SCHOENHEIMER 
(1939). The theory proposed by the above workers has been independently 
confirmed by KosozreFr and PoMRIASKINSKY-KoBOZIEFF (19394, 1939b). In 
brief it rests upon the behavior of three lines of tailless mice, each of which 
breeds true as a balanced lethal system. One component of this system is the 
same in all lines. This is the Brachyury mutation T which when heterozygous 
(T+) produces a short tail and when homozygous produces characteristic 
abnormal embryos which die before birth. In Line A, this is combined with a 
recessive /°, which when homozygous acts as an early lethal, and in combina- 
tion with T produces taillessness (7?°). Line 29 (T?') is similarly tailless, 
exerting its lethal effect before implantation of the embryo. Line 19, a true- 
breeding tailless line, behaved in all respects like Line 29 and was probably 
Tt, having arisen as a recurrence of ¢'. From matings within Line A (T?° 
by T?°) the only viable zygotes recovered are T?®; recombination gametes 

1 The authors are indebted to the Fund for Research of Cortumpra UNIVERSITY and the 
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lacking both T and #° are not found. Similar reasoning applies to the balanced 
lethal behavior of Line 29 and Line 19. The proof of absence of recombination 
depends of course on the number of individuals observed which could have 
been detected as recombinants, and these data, derived from balanced lethal 
lines, will be presented first. 

Secondly, the results of crosses between tailless animals from the balanced 
lines and individuals lacking one or both mutant factors will be given as tests 
of recombination in outcross progeny. 

Thirdly, the evidence from crosses between members of different balanced 
lines will be examined. One of the genotypes produced by such crosses was 
interpreted by DuNN (1937) as a viable compound between two different lethal 
alleles (%!), one from each of the balanced lines. Since this type yields the 
major part of the recombination data, it has been studied in detail. It proved 
to be a type which suffers a high mortality before birth; and in the course of 
embryological observations which this fact required us to make, a new type 
of abnormality associated with the /% genotype was discovered. These ob- 
servations provided the clue to an interpretation of some of the puzzling ratio 
variations encountered in crosses between different balanced lethal lines. 
Without such an interpretation, the data on segregation would be subject to 
a degree of uncertainty which would preclude their use in a study of crossing 
over. 


THE ABSENCE OF RECOMBINATION WITHIN THE BALANCED LETHAL LINES 


The balanced lethal lines have maintained themselves without selection for 
more than ten years and have behaved similarly in each of the laboratories in 
which they have been bred (CotumBiA University and Institut CurIe). 
While this is evidence that the lethals “balance,” it does not by itself prove 
that crossing over does not occur. From parents Tf by Tt?! in which the non- 
crossover gametes are JT and ?', crossover gametes ++ would be detectable 
when in combination with regular gametes T (T+ =Brachy) or # (+#=nor- 
mal). The reciprocal type of crossover gamete (7?!) would fail to survive_in 
combination either with T or /'. Hence half of the crossover gametes should be 
detectable. A careful watch has been kept for such exceptional young. 

Table 1, however, shows that no recombinations have been found among 
over 2900 offspring observed. Within any one line all offspring tested have 
been shown to have the same genotype for T and ?/° or #'. We have noted, 
however, some phenotypic variation. Thus occasional animals of Line 29 
when bred on a Bagg albino genetic background had a small bony stump tail. 
After reconstitution of this line following an outcross to several normal stocks, 
the frequency of such stump-tailed animals was noticeably increased, and a 
few animals with short tails up to one third of the normal length were found. 
Nearly all these exceptions occurred in one family which appears to contain 
factors for increased tail development in animals of genotype T?#. Such excep- 
tional animals as have been tested (four males and four females) breed as do 
the other members of the line—that is, with tailless mates they produce either 
tailless, stump, or short-tailed offspring (41 tailless, 15 stump, 8 short-tailed). 
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Clearly they tend to transmit their exceptional phenotype while maintaining 


their balanced lethal behavior. 
TABLE I 


Results of matings within balanced tailless lines; offspring classified on day of birth. 

















OFFSPRING TOTAL 
TAILLESS PARENTS 
TAILLESS STUMP SHORT SS 

Line AXLine A! 573 573 
Line 29 X Line 29? 549 13 562 
Line 19 X Line 19% 85 85 
Line AXLine A‘ 458 23 3 484 
Line 29 X Line 294 537 23 10 570 
Line AXLine A® 63 63 
Line AX Line A® 329 329 
Line 29 X Line 295 194 194 
Line 29 X Line 29° 116 116 

Totals 2904 59 13 2976 





1 Tailless Line A backcrossed and extracted from inbred Bagg albino stock. 

2 Tailless Line 29 backcrossed and extracted from inbred Bagg albino stock. 

3 Tailless Line 19 backcrossed and extracted from inbred Bagg albino stock (DuNN 1939). 
4 New lines extracted from outcrosses. 

5 From KOBOZIEFF 1935. 

® From KosozierrF et al. 19309. 


The same statements may be made concerning the exceptional animals 
which appeared in Line A after recovery of this line from an outcross. 

Although not all exceptional animals have yet been tested, it is safe to say 
that the short-tailed animals which appear in certain tailless families are in 
general not the result of recombination. 


TESTS FOR RECOMBINATION GAMETES IN OUTCROSSES OF TAILLESS ANIMALS 

If no recombination occurs between T and ?! (or T and ?°) then when 7?’ 
(or T?°) animals are crossed with normal (++) or Brachy (+T), all F; normal- 
tailed offspring should be +#! (or +2°) without exception. Crossing over be- 
tween T and #' would result in the production of ++ gametes, hence in F; 
normals which do not contain ?' (or #°). 

Progeny tests of F,; normal-tailed animals have been carried out in a search 
for such exceptions. The test was to cross the F; animal to Brachy (+7). If 
t° or #! is present in the F;, then tailless progeny (T?° or 7?) appear. As table 2 
shows, this occurred in the case of 378 F; animals, and to this we should add 
33 tested offspring from Line 19 tailless (DUNN 1939). It did not occur in 
progenies produced by three F; animals, but since these progenies consisted 
of only 2, 4, and 4 normal offspring, respectively, it is clear that the absence of 
tailless offspring is probably due to the small samples and that no valid excep- 
tion occurred. 


We may conclude that there is no evidence of crossing over between factors 
at locus T when tested within balanced lines or in outcrosses. 
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TABLE 2 


Distribution of F, normal tailed offspring from tailless which were 
individually tested and found to be +1° or +8. 





PARENTS TESTED NORMAL TAILED OFFSPRING 
2 of ? rot Qord 

Tailless A Normal 22 7 

Tailless A Brachy I I 

Normal Tailless A 117 27 

Brachy Tailless A 24 

Tailless 29 Normal 15 

Tailless 29 Brachy I 

Normal Tailless 29 120 25 

Brachy Tailless 29 16 2 

Normal Tailless 19 33 

Total tested 315 63 33 411 


CROSSES BETWEEN DIFFERENT TAILLESS (BALANCED LETHAL )LINES 


It had been shown by Kopozierr (1935) that crosses of tailless animals of 
Line A by tailless animals of Line 29 produced normal-tailed offspring in addi- 
tion to tailless ones. DUNN (1937) explained these and similar results of his 
own by assuming that the recessive lethals in Lines A and 29 were different 
and that the compound containing different recessive lethals was viable and 
normal-tailed. The scheme proposed is reproduced in figure 1. 


(Tailless Line A) Tt°X T# (Tailless Line 29) 
| | | | 
Fy i a Ti® Tt 141 
dies tailless tailless normal tail 


The first results obtained conformed qualitatively to the above scheme, and 
in tests of the ¢%! type no recombination between /° and /' was observed in 155 
test gametes, suggesting that /° and # were alleles. All males of this genotype 
which were thoroughly tested proved to be sterile. These observations were 
too few to constitute a rigid test of the theory proposed, and the ratio of 
tailless to normal-tailed animals obtained (81:41), while in apparent agreement 
with that expected from the theory, was actually at variance with a fact which 
was proved in other experiments—namely, that T?° and T?' males always pro- 
duce a considerable excess of offspring which inherit /° or ¢'. New experi- 
ments were undertaken to investigate this point. 

Reciprocal crosses between tailless animals of Lines A and 29 were made 
and simultaneous test crosses of Line A tailless males by Line 29 tailless fe- 
males and by normal females. The general low fertility and poor viability of 
tailless animals delayed completion of the experiment for several years. The 
same circumstances forced us to resort to crosses of +?! (normal) females by 
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Ti® males and of +#° females by T?' males. From these crosses further ¢°%! 
females were obtained for the crossing over tests. 

The combined results of crosses between tailless animals of Line 29 and tail- 
less animals of Line A are shown in table 3. Here the results fit the theory 
in so far as only two classes of offspring appear—that is, tailless and normal- 
tailed. This fact shows that recombination between T and ?° or T and #! prob- 
ably does not occur, since the recombination gamete +-+ when uniting with 
T from the other parent would produce Brachy offspring +7. Out of 1208 
offspring observed three were classed as Brachy at birth. One of these with a 
tail one-third of normal length died before it could be tested. Another with 
a tail one-fourth of normal length proved to be 7?°, since when mated with 
T?® it produced only tailless (7), and when crossed with 7?! it produced only 
normal and tailless (12:28). The latter is conclusive evidence that it was not 
T+, hence not due to recombination. Both of these exceptions were probably 
phenotypic variants of the expected tailless class. 


TABLE 3 


Results of crosses between tailless animals of Line 29 by tailless from Line A. 


PROGENY 
MOTHER FATHER NORMAL TAIL (¢°%') TAILLESS (7?°; Tt’) 
9 ? oo Total 9 ¢ & Teal n 
Line A (T?°) Line 29 (T?') 142 4 93 239 266 5 222 493* 732 
Line 29 (T?') Line A (T?°) 68 4 48 120} 176 177 3531 473 
Totals 210 8 141 359 442 5 300 846 1205 
Calculated 1:2 ratio 401.6 803.4 


Deviation —42.6+16.3 


* Does not include one animal with stump tail which died before it could be tested. 

+ Does not include two short-tailed animals, one of which was tested and shown to be 7#°— 
that is, a phenotypic variant of the tailless type. 

t Including one animal classed at birth as having tail { of normal length; when tested did not 
transmit 7, hence was probably phenotypic variant. 


The third exception was noted at birth as having a tail slightly truncated 
at the tip and was suspected of being an accidental variant of the normal 
class. This proved to be correct, since when tested by normal mates it pro- 
duced 17 normal young and thus did not transmit T. None of these exceptions 
can be regarded as recombinations. 

When calculating the ratio in which the two classes of offspring in table 3 
should appear, additional assumptions must be made concerning (1) the ratio 
of T and #° or T and ¢' gametes from tailless males, (2) the viability of the r'7° 
class. If we assume that both of these are normal, then the ratio of tailless to 
normal offspring should be as 2/3:1/3 (compare scheme in fig. 1). The ratio. 
actually found (846: 359) showed a small but significant deficiency of normals. 
Moreover, among the normals there were observed at birth 2109 9 :1410°c. 
The most reasonable assumption was that some of the normal-tailed zygotes 
die before birth and that this mortality falls most heavily on the males. 
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A very marked deficiency of normal-tailed animals at birth was found when 
two particular Line 29 tailless males (brothers) and their progeny were tested 
by Line A tailless females. The data from these tests are not included in table 3. 
One of the males produced 4g tailless only; the other produced 26 tailless 
only. Both produced only tailless when mated with females of their own line, 
so the exceptional result was not due to misclassification of the parents. Sons 
and daughters of these exceptional animals (from matings with Line 29 tail- 
less) were tested by Line A tailless and repeated the exceptional behavior of 
their parents, giving 117 tailless (669 5107) and only three nornial-tailed 
offspring, all females. We assumed that the very great deficiency of normal- 
tailed offspring in these crosses was due to the death of many #%% zygotes be- 
fore birth, possibly because other genetic factors in the particular Line 29 
family adversely affected the development of the weaker /%! type. 

The most direct test of such an hypothesis is to look for dead or abnormal 
embryos at various stages before birth. We therefore examined embryos arising 
from the cross of Line A tailless by Line 29 tailless and its reciprocal at about 
the middle of the gestation period (10-15 days after fertilization). Three 
classes of zygotes are to be expected: Brachy homozygotes, TT, recognized 
by their typically abnormal structure (CHESLEY 1935), tailless, T?° and T?, 
and normal-tailed, /°%'. These would normally be expected in a 1:2:1 ratio, 
but due to the abnormal segregation ratios of ¢° and # from males, departures 
from expectation will occur. 

TABLE 4 


Embryos found by dissection of tailless females pregnant by tailless males of 
the opposite line (A X29; 29XA). 








EMBRYOS CLASSIFIED 











DAYS 
euniena PREGNANT AFTER 
: ° BY COPULA-  TAIL- NORMAL AB- RE- TO- 
TT SMALL 

TION LESS TAIL NORMAL SORBED TAL 
29 tailless A tailless 10 16 5 _— 5 4 I 31 
A tailless 29 tailless II 13 — I 2 2 _ 18 
A tailless 29 tailless 12 8 _— 4 I I 5 19 
A tailless 29 tailless 15 3 _— — _ — 2 5 
A tailless 29 tailless* 10 19 7 _— I II ‘ 41 
A tailless 29 tailless* II 5 I _— _ — 3 9 
A tailless 29 tailless* 12 6 2 _ _ 3 6 17 
140 





* Two males which had produced no living normal-tailed young at birth. 


The results are shown in table 4. In addition to the three classes expected, 
three other types of embryos were found. These are referred to in the table 
as “small,” “abnormal,” and “resorbed.” The first were much smaller than the 
embryos in the tailless class and were also physiologically much younger; 
three of the nine had developed far enough so that their tails could be diag- 
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nosed as normal, while six of them were too young to permit this diagnosis. 
The “abnormals” were not only smaller and younger than their tailless litter- 
mates but showed definite new abnormalities: microcephaly, microphthalmia, 
and even anencephaly. Only three were enough developed to permit tail diag- 
nosis; these had normal tails. The dead and resorbed embryos could not be 
classified. One died in the decidua stage probably from accidental causes; 
the others died after formation of the chorion. 

In order to exclude the possibility that the microcephalic and microphthal- 
mic embryos might represent TT embryos, modified as a result of outcrossing 
the stocks, three test matings were made of Brachy (7+) females with one of 
the Line 29 tailless males (T?') which had given microcephalics in crosses with 
Tt® females. The females were dissected after 11 and 12 days of pregnancy. 
Out of 21 embryos found, 20 were clearly normal-tailed, Brachy or tailless, 
while one dead embryo seemed abnormal and possibly microcephalic, although 
it was too necrotic to permit diagnosis. On the other hand, in two matings of 
+#° female by +2 male, where no abnormal genotype except #%! is expected, 
two definitely abnormal microcephalic embryos were found out of a total of 
22, as well as two physiologically younger embryos and four others which had 
died after formation of a chorion. From crosses of Line 29 tailless by Line A 
tailless occasional small normal-tailed animals are found at birth, and one 
of these showed a marked microphthalmia. 

The fact that no embryos like those classed as abnormals above, nor em- 
bryos retarded to such an extent as those classed as “small,” had been found 
in any of the large number of litters from other experiments dissected in this 
laboratory seems to justify their inclusion in the /%! genotype. All that lived 
long enough showed normal tails, and in the cross made only #%' has this 
phenotype. 

These statements apply both to the progeny from “regular” tailless males 
and to those from the exceptional males which produced no living normal- 
tailed young at birth. In the case of the latter, however, the proportion of 
abnormal embryos was high, all fourteen of them were microcephalic, and 
of these, two were enough developed to be diagnosed as normal-tailed. Four 
control litters from matings of these exceptional males by females of their own 
line (29) yielded no abnormal embryos in a total of 25. The microcephalic 
embryos are considered to represent the 2%! genotype which in the exceptional 
family suffers a much higher mortality and is nearly always abnormal. 

The answer to our question is clear: normal-tailed ¢%' embryos suffer a 
heavier mortality and show certain abnormalities by which many of them may 
be identified. The factors which cause only certain of the /%! embryos to become 
microcephalic or microphthalmic abnormals are unknown, but indications 
have been found of the presence of factors other than those at the T locus 
which tend to reduce the viability of the ¢%' zygote. 

On the basis of these facts it is now possible to explain the peculiar circum- 
stance that, in spite of the fact that #° and ¢' sperm are transmitted with ab- 
normally high frequency by 7?° and 7?! males, the zygotes (¢%') arising from 
such sperm in crosses between 7? and 7T# appear at birth in abnormally low 
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frequency. The deficiency of /°%' is due to prenatal mortality brought about 
jointly by the action of ¢° and z' supplemented by other factors which have not 
become constant in our stocks. Variations in the ratios of ¢° and ¢! sperms from 
Tt® and Tt' males have been shown in new experiments (unpublished) to be 
independent of the variations causing prenatal mortality of 2%!. Consequently 
the varied proportions of normal-tailed offspring appearing from crosses be- 
tween different balanced tailless lines are due to variations in viability super- 
imposed upon variations in sperm frequency. 


TEST OF RECOMBINATION IN t°t! FEMALES 


We may now utilize the compound type /%! for a test of recombination be- 
tween 7° and #'. Males /%' are entirely sterile (DUNN 1937; BRYSON 1942) and 
cannot be used. The best test is to mate females /°¢! (from crosses between 
tailless A and tailless 29, and from crosses of +?/°X T?! and of +/'X T?°) with 
Brachy males (7+). If no recombination occurs, the progeny from #%! K T+ 
will consist of only two classes: tailless (77°, Tt') and normal tail (+/°, +2); 
recombination gametes +-+ would lead to production of normal and of 
Brachy offspring, while recombination gametes /°%! would probably lead to the 
same phenotypes as /° or /! gametes. In practice then only the exceptional 
Brachy offspring could be detected, and these should represent half of the ++ 
recombination gametes produced. Although the test is only 50 percent efficient, 
it is otherwise reliable. 

TABLE 5 
Results of matings of normal-tailed females t°t' [from crosses of Line 29 


X Line A] by Brachy males (T+). 


OFFSPRING BY BRACHY MALE 




















1% oxpemnant 
DERIVATION OF FE- NORMAL TAIL TAILLESS 
ofl x“ SHORT 
MALES ones 
9 ? ref TOTAL 9 ? roe TOTAL 
9 ThXd Tt 45 279 7 261 547 2! 268 9 257 534 
9 +X TH 5 38 3 28 69 14 4 23 41 
9 T!Xo Tt 24 158 9 145 312 133 10 126 269 
9 +¢X AT? 4 14 26 40 14 18 32 
Totals 78 489 19 460 968 2 429 23 424 876 








The results of the tests are shown in table 5. In general, each of the 78 2°! 
females from whatever source produced two classes of young when bred to 
Brachy males—normal-tailed and tailless in about equal numbers. There 
is a small deficiency of tailless progeny, probably due to a somewhat lower 
viability of this type. Among the 1846 offspring examined there were two 
exceptional individuals. One of these had a short tail one-third of the normal 
length and was classed as a Brachy. This animal proved to be a phenotypic 
variant of the tailless type, since when crossed with Brachy it produced 
normal, Brachy and tailless progeny; crossed with tailless Line 29 it gave tail- 
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less only (5); while when tested by a Line A male it gave tailless and normal 
only (4:2). This behavior is consistent with the assumption that the genotype 
of the exception was T?', hence its origin did not involve recombination. 

The other exception had an even longer tail, about one-half the normal 
length and was also classed as Brachy. However, when tested by Line 29 tail- 
less it gave only tailless progeny (4), and by Line A tailiess it gave tailless and 
normal (7:3) and no Brachys. Its genotype was thus 77, and it, too, was a 
phenotypic variant of the tailless type, albeit a rather extreme one. Both of 
these cases occurred after the tailless balanced lines had been outcrossed and 
probably are due to segregation of modifiers as discussed above. 

We may thus conclude that no evidence of recombination was observed in 
1846 tested gametes, although since only half of the +-+ recombinations could 
be detected, the ratio is better expressed as 0/923. 


SUMMARY OF RECOMBINATION DATA 

The data from the several matings in which recombination could be de- 
tected are summarized in table 6. The 6775 negative observations should be 
reduced by about 50 percent, since in most cases only half of the possible 
recombinants could be detected. Even this figure justifies the conclusion that 
recombination, if it occurs at all, is so rare as not be detectable in any ordinary 
sample. In all cases, progeny tests of the rare individuals which phenotypically 
resembled recombinants showed that they were, in fact, phenotypic variants 
of the non-crossover type. 

TABLE 6 


Summary of matings in which recombination among T, t° and t' could be detected. 





TOTAL 
PARENTS CLASSIFIED AS REFERENCE 
NON-RECOMBINANTS 








Tailless balanced (intra-line) 2976 Table 1 
F,’s tested from taillessX normal 411 Table 2 
Tailless X tailless (inter-line) 1205 Table 3 
Tailless X tailless (inter-line) 195 page 34 
Tailless Xtailless (19 X A; 29X19) 142 DUNN 1939 
tt! Brachy (+7) 1846 Table 6 
Total 6775 
DISCUSSION 


Since no recombination among the three factors concerned has been found, 
we are free to regard them either as unilocal or as occupying different loci 
among which crossing over is prevented. If we choose the second alternative, 
the simplest assumption would be that the dominant factor T, which is common 
to all the balanced lines, is itself the factor which prevents crossing over. 
This, however, cannot be the case, since T does show crossing over with two 
adjacent loci Ki and Fu (DUNN and CasParI 1942). It would then be necessary 
to assume that both of the other factors, #® and #, represent chromosome re- 
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arrangements or otherwise prevent crossing over. There is no evidence, like 
that above, to disprove this assumption. Neither ¢° nor #' has yet shown any 
recombination with Ki or Fu, although these tests are not yet completed. No 
other loci in the T chromosome are available for tests with /° and #. If these 
mutations are rearrangements (for example, inversions), they probably repre- 
sent different aberrations, since although each is lethal when homozygous, the 
compound /%! may be viable. The gross morphological effect of each is recessive, 
although this cannot be used as an argument against the rearrangement 
hypothesis, since each mutation has other dominant effects on segregation 
(DuNN and GLUECKSOHN-SCHOENHEIMER 1939) and since many position ef- 
fects are recessive. One is reminded here of the case described by DUBININ 
and SrporoFF (1934) in which each of two different wild type alleles in 
Drosophila melanogaster was so modified by translocation as to acquire dif- 
ferent properties, although the compound of the two modified alleles was 
normal. If ¢° and # are wild type alleles and owe their properties to their 
position, then because of their similar properties we should have to regard 
them as different alterations of the same wild type allele. In the absence of 
any evidence of chromosomal change, this hypothesis cannot be distinguished 
from that which regards them as different alterations of the same locus im situ. 

However, if we assume that T, ?°, and ¢' are not unilocal, we must explain 
the peculiar phenotypic interactions among these factors which in many ways 
resemble those to be expected of alleles. Thus /° and #! each interact with T to 
produce taillessness, although they do not have this effect in combination with 
the similar and nearby but non-allelic mutations Ki and Fu (DuNN and 
CASPARI 1942) nor with any other of the several tail mutations with which they 
have been tested. The mutations ¢° and # apparently have just the same 
interaction effect with T and are alike in the otherwise unique property of 
altering segregation ratios and producing “clusters” of offspring of one geno- 
type. The two mutations answer all the criteria of allelism except that the 
compound ?/%%! has a normal tail. That the two mutations do interact both 
morphologically and physiologically is shown by the appearance of micro- 
cephaly and microphthalmia and of complete male sterility in the compound. 
The above facts coupled with the absence of recombinations between ?/° and # 
strongly suggest that they are alleles. The present evidence also makes 
it reasonable to assume that T is an allele of ¢° and ?#', although a final conclu- 
sion cannot be drawn now. 

The evidence seems further to justify certain speculations regarding muta- 
tion and the relations of alleles. It has often been assumed that multiple allelic 
series arise by repeated mutations of the same locus which differ in the degree 
of alteration induced in the locus. These series often show clearly the quantita- 
tive gradation of which the alleles of white in Drosophila or albinism in rodents 
have long been familiar examples. This has led to the assumption that some 
single process has been changed quantitatively by successive reductions from 
its normal level. This is without doubt a reasonable view with respect to effects 
of the same kind, as for example pigmentary effects. But it is also evident that 
not all effects of changes at the same locus are of the same kind. In the case 
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described in this paper effects of different kinds accompany genetically unitary 
alterations like z° or ¢'. The structure of the tail and axial skeleton is one type 
of effect; the behavior of the genetic factors in spermatogenesis is another, to 
which the partial sterility effect is probably related (BRYSON 1942); while the 
early lethal effect may be another. These different effects while related geneti- 
cally show a certain degree of independence in development. The most reason- 
able guess here would seem to be that each of the three mutations alters some 
part of one process underlying the organization of the axial system. The same 
mutation may or may not alter another process underlying viability, since in 
this respect ?°, #1, and T act as though they affected different processes. Here 
we must note, however, that under certain conditions #° and # do interact to 
lower the viability of the compound, although this may occur because dévelop- 
ment has been rendered unstable by reason of their effect on a common organi- 
zation process. The effects of 7° and # on spermatogenesis are clearly similar 
and show cumulative interaction in the sterility of the ¢°t' males; yet T does 
not show this effect at all nor does it enhance this effect when combined with 
# or #. 

To point out differences among the pleiotropic effects of alterations in one 
genetic unit, however, may lead to false conclusions, since it is always possible 
that a complete study of early development might reveal a common source 
from which diverse effects arise. Pleiotropism, as a descriptive term, merely 
indicates that several characters are modified by the same mutation. For this 
reason GRUNEBERG’S (1938) classification of false and true pleiotropism, the 
latter restricted to those cases in which the same gene has different primary 
effects (as assumed in the present case), seems superfluous, since so sharp a 
distinction could be based only on a knowledge of early developmental events 
which we do not have and since, a priori, other alternative views are possible. 
At present it seems wiser to restrict our hypotheses concerning the mechanism 
of the developmental effect to those which are compatible with diversity in the 
types of mutation at the same locus even though similarity is the rule; and con- 
versely our conception of mutation should be flexible enough to permit such 
early diversity in the processes affected by one locus. It seems very doubtful, 
however, if evidence from one set of facts (developmental or phenotypic affect) 
can be used to provide positive proof of one view concerning the other—that is, 
the mode of mutation. 


SUMMARY 


Three lethal mutations with similar morphological effects in the mouse, 7, 
t° and #', were studied in various combinations (T?°, 77’, °%') in order to deter- 
mine whether or not recombination among them occurs. No recombination 
was found in 6775 test animals. 

It is assumed that /° and #' are alleles having similar pleiotropic effects on 
skeleton (taillessness), segregation, and spermatogenesis, with effects on 
viability which are at least partially different. The compound #%! may be 
viable or, in combination with other factors, it may lead to typical abnormali- 
ties (microcephaly, microphthalmia, and early death). 
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The factor T shows no crossing over with ?° or #! and is probably an allele, al- 
though it does not share the effects of ¢° and ¢#! on spermatogenesis and differs 
in its lethal effect, since T#®° and J? are viable. 

It is suggested that mutations at the same locus may affect different proc- 
esses, as well as different parts of the same process. 
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ip alr hace of the relationships of dermatoglyphics and functional 
handedness are in general agreement in finding slight but nevertheless real 
differences between the dermatoglyphics of right-handed and left-handed 
populations (BETTMANN 1932; BONNEVIE 1933; CUMMINS, LECHE, and Mc- 
CLURE 1931; LECHE 1933; NEWMAN 1934; KEITH’s unpublished data; Cum- 
MINS 1940; CROMWELL and RirFt in press). Left-handers are characterized by 
slightly less bimanual asymmetry than are right-handers, rather than by out- 
standing differences in total pattern frequencies. The lowering of bimanual 
differences in left-handers is especially noticeable in females and is apparent 
in both palms and finger-tips. 

The investigation herewith reported is concerned with the ascertainment of 
possible genetic interrelationships of pattern development in palm and finger- 
tip areas with each other and with functional handedness. Assortative mating, 
pleiotropy, and linkage may each result in certain types of association between. 
biological traits. Obviously, handedness and dermatoglyphics are seldom, if 
ever, used as a basis for the selection of mates in man, so we need not consider 
assortative mating further. 

Pleiotropic genes result in correlations in the general population between 
the affected traits. As mentioned previously, several investigators have 
obtained such data for palmar and finger dermatoglyphics with handedness. 
WAITE (1915) made an exhaustive analysis of the finger prints of a population 
of adult males and found that positive correlations exist between pattern 
frequencies of different fingers. WENNIGER (1935) observed an apparent nega- 
tive correlation between the occurrence of patterns in thenar and hypothenar 
areas of palms. KEITH(1924) and BETTMANN (1931) have made similar observa- 
tions. CUMMINS in a communication to the writer previous to this investiga- 
tion states his opinion to the effect that pattern occurrences in the thenar/first, 
second, third, and fourth inter-digital areas are positively correlated with 
each other and with transverseness of ridges, and also that there is a negative 
correlation between patterns in hypothenar and thenar’ areas. No literature 
has been found dealing with correlations between patterns on palms and on 
finger-tips. 

Linked genes result in inter-trait correlations within sibships, but not within 
the general population. Thus investigations dealing with the dermatoglyphics 
of right-handers as compared with left-handers selected from the general 
population tell us nothing concerning possible linkage relationships. RIFE 
(1941) obtained evidence for autosomal linkage of genes responsible for pattern 


1 This research was made possible by a grant from the NATIONAL RESEARCH COUNCIL. 
2 The term thenar as used in this paper includes both thenar and first interdigital areas. 
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D in the fourth interdigital area with those responsible for functional handed- 
ness. These data were obtained from 24 sibships. No other literature on linkage 
relationships between handedness and dermatoglyphics or between different 
dermatoglyphic features is available. 

The data included in this report were obtained from 34 sibships, comprising 
a total of 181 individuals and 548 paired sibs. All the individuals were white, 
largely descended from northern European stock. Handedness was determined 
on the basis of testimony and the performance of several unimanual operations, 
including writing, throwing, sewing, shooting marbles and use of knife and 
spoon. Those performing one or more of these operations with the left hand 
were classed as left-handed, those performing all with the right hand were 
classed as right-handed. 

In our analysis of the dermatoglyphics both vestigial and true patterns 
are classed as patterns. Only loops are included in the third interdigital area, 
and only D patterns in the fourth interdigital area. Finger-tips are classified 
as to presence or absence of whorls. Data are included for pleiotropy between 
the palmar areas with each other and with whorl frequencies on finger-tips. 
Linkage data are included for each of the palmar areas and whorls on finger- 
tips with handedness, as well as for the palmar areas with each other and with 
whorl frequencies on finger-tips. 


PLEIOTROPY 


Tests for association between traits were made with 2X2 tables. When 
significant relationships were obtained, correlation coefficients were deter- 
mined by the use of Thurstone’s computing diagrams (THURSTONE et al. 1933). 
Table 1 shows the results of tests for association between patterns on the five 
palmar areas within single hands. Table 2 shows the results of tests for similar 
relations between the hands of individuals, and table 3 shows the results of 
tests for association between frequencies of whorls on finger-tips with pattern 
occurrence on each of the palmar areas. If the individual has patterns on one 
or both hands, he is included as patterned. An individual may have from none 
to ten whorls on finger-tips. In table 3 association between whorl frequency 
and palm patterns is determined by comparing the frequencies of whorls 
within palm patterned versus patternless individuals. This type of comparison 
could not be converted to an actual correlation coefficient by Thurstone dia- 
grams. Whether a loop occurs in the third or fourth interdigital area depends 
to some extent upon the transverseness of the palmar ridges, third interdigital 
patterns being more frequently found associated with the distinctly transverse 
ridges. Thus association with patterns in the third interdigital area is in 
reality an indication of association with transverseness of ridges. 

Note (table 1) that within single hands a negative correlation exists between 
patterns in hypothenar and thenar areas, in agreement with the observations 
of other investigators. Furthermore, positive correlations exist between each 
of the other four palmar areas, the highest correlations generally being between 
adjacent areas. The’high correlation between areas III and IV and also II and 
III is indicative of a positive correlation between transverseness of ridges and 


DERMATOGLYPHICS AND FUNCTIONAL HANDEDNESS 43 





the occurrence of pattern D in the interdigital areas. This is in complete 
harmony with the observations of CumMMINs. 
TABLE I 


The frequencies of different combinations of patterned and patternless areas in single palms. 
x? values are underlined when significant. 





PATTERN PATTERNS 
PATTERN 
PATTERNS ON FIRST ABSENT 
ABSENT 2 
ON BOTH AREA, AB- ON FIRST x r 





AREAS SENTON pRESENT ON BOTH 
SECOND oNnsEconp “*P4S 
*Hypothenar and thenar 8 133 37 184 8.70 — .40 
*Hypothenar and inter- 
digital II 9 132 14 207 0.94 
Hypothenar and inter- 
digital IIT 53 88 88 133 0.18 
Hypothenar and inter- 
digital IV 37 104 69 152 1.03 
*Thenar and interdigital II 7 38 16 301 6.54 +.38 
Thenar and intergital III 21 24 120 197 1.28 
Thenar and interdigital IV 17 28 89 228 1.79 
*Interdigitals II and III 16 7 125 214 10.65 +.45 
*Interdigitals II and IV 17 7 89 250 21.38 +.55 
Interdigitals III and IV 67 74 39 182 37-11 +.57 








* YaTeE’s (1931) correction used in the calculation of x?. 


TABLE 2 


The frequencies of different combinations of patterned and patternless palmar areas, resulting 
from comparisons of right with left and left with right palms of individuals. 











PATTERNS 
PATTERN PATTERN 
PATTERNS ON FIRST 
ON SECOND, ABSENT ‘ 
ON BOTH AREA, AB- x r 
ABSENT ON BOTH 








AREAS SENT ON 
ON FIRST AREAS 
SECOND 
Hypothenar and thenar 13 128 32 189 2.18 
Hypothenar and inter- 
digital II 12 129 II 210 0.46 
Hypothenar and inter- 
digital III 58 83 83 138 0.46 
Hypothenar and inter- 
digital IV 35 106 71 150 2.21 
*Thenar and interdigital II 6 39 17 300 2.97 
Thenar and interdigital III 25 20 116 201 5.96 +.20 
Thenar and interdigital IV 15 30 gI 226 ©. 40 
*Interdigital IV and III 17 6 124 215 13.86 +.48 
*Interdigital IJ and IV 15 8 gI 248 16.88 +.47 
Interdigital III and IV 62 79 44 177 15.25 + .43 





* YaTe’s (1931) correction used in the calculation of x?. 
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When both hands of individuals are compared, similar but less marked 
relationships between palmar areas are found (table 2). Four show significant 
correlations, and of these the comparatively low correlation between thenar 
and third interdigital areas is the only one to show an association which was 
not manifested within single hands. Significant associations are shown between 
the occurrence of patterns in the second, third, and fourth interdigital areas, 
and the frequency of whorls on finger-tips. Since no other data showing rela- 
tionships between whorls and patterns in these areas are on record, the writer 
made similar comparisons with the prints of the Cromwell series (CROMWELL 
and RFE in press) and found the same type of association. No other significant 
correlations between whorl frequencies and palm patterns are indicated. 


TABLE 3 


The frequencies of whorls on finger-tips of individuals having one or more patterns in the 
palmar areas, as compared with those lacking patterns. 














WITH PATTERNS WITHOUT PATTERNS 
FINGER- FINGER- FINGER- FINGER- 
TIPS TIPS TIPS TIPS x? 
WITH WITHOUT WITH WITHOUT 
WHORLS WHORLS WHORLS WHORLS 
Hypothenar 668 212 687 243 ©.99 
Thenar 232 78 1123 377 0.00 
Interdigital II 108 62 1247 303 12.86 
Interdigital ITT 803 287 412 108 5-92 
Interdigital IV 526 224 829 231 15.21 
LINKAGE 


Tests for linkage were made by the paired sib technique of PENROSE (1935). 
In regard to hypothenar, thenar/first, second, and fourth interdigital areas, 
individuals were classed in two categories in respect to each area, those having 
a pattern on one or both hands and those lacking a pattern on both hands. 
Tests for associations within paired sibs pattern frequencies in these areas 
with each other and with handedness were made in 2X2 tables (table 4). Sib 
pairs were grouped into four classes—those alike in both traits, unlike in both, 
and the two combinations of alike in one and unlike in the other. If two traits 
are linked, pairs alike in both traits and unlike in both should exceed pairs 
alike in one trait and unlike in the other. 

Both whorl frequency and the direction of Line C are quantitative or graded 
characters. The graded character method of PENROSE (1938) was employed 
in linkage tests involving these traits. In this method, ¢ indicates the degree 
of linkage, and a ¢ value of greater than twice its standard error is considered 
to be significant. The effect of pleiotropy is removed by subtracting the cor- 
relation squared from ¢ (see table 5). 

Individuals were placed in the following four grades in respect to whorl 
frequencies: 0, 1-3, 4-6, 7-10. They were classed in three grades in respect 
to Line C—those having loops formed in the third interdigital areas of both 
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TABLE 4 


Paired sib combinations of traits tested for linkage with 2X2 tables. 











ALIKE UNLIKE 
ALIKE 
IN FIRST, _IN FIRST, UNLIKE 
IN BOTH x 
; UNLIKE IN LIKE IN IN BOTH 
TRAITS 
SECOND SECOND 
Hypothenar and handedness 196 143 112 97 0.94 
Thenar and handedness 259 80 168 41 1.21 
Interdigital II and handedness 295 44 186 23 0.47 
Interdigital IV and handedness 243 IOI 118 QI 11.47 
Hypothenar and thenar 248 181 64 55 0.62 
Hypothenar and digital II 270 213 36 29 ©.007 
Hypothenar and interdigital IV 212 151 104 83 0.38 
Thenar and interdigital II 381 102 43 20 3.80 
Thenar and interdigital IV 280 74 168 40° 0.23 


Interdigitals II and IV 292 168 44 21 4-37 





hands, those having a loop in the third interdigital of one hand and in the 
fourth of the other, and those having loops in the fourth interdigital areas of 
both hands. Since Line C is abortive or missing in many palms, the number 
of pairs used in comparison involving Line C is considerably less than in the 
others. 
TABLE 5 
Values obtained in linkage tests involving whorls and Line C, by graded character method. 
Also checks on other traits indicating linkage in 2X2 tables. 

















— ? o-—r 
¥4 sii S.E ' SE 

Whorls and hypothenar +.05 +.3 +0o.16 
Whorls and Line C +.37 +.21 +1.76 
Whorls and thenar + .06 +.2 —0.30 
Whorls and interdigital IT +.55 +.21 +2.60 
Whorls and interdigital IV +.06 +.13 +0.04 
Whorls and handedness + .42 +.13 +3.20 
Line C and interdigital IV +.59 +.14 —~ +.57 +1.89 
Line C and hypothenar +.02 +.16 +o.12 
Line C and thenar + .22 +.23 +0.93 
Line C and interdigital +.05 +.26 +0.19 
Line C and handedness —.08 +.11 —0.07 
Interdigital IV and handedness +.36 +.10 +3.60 
Interdigital IV and interdigitalII +.03 +.21 +0.14 
Cumulative pattern and whorl 

frequencies with handedness +.57 +.11 +5.18 





The cumulative frequency values of whorls and patterns are estimated on 
the basis of patterns in all palmar areas, except the hypothenar, and on finger 
tips of both hands. Whorl frequencies are grouped in the same four categories 
as for the other comparisons, while patterns on each of the four areas under 
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consideration are given a value of 1. Thus the cumulative patterns and whorl 
values of individuals range from o to 7. If an individual has patterns on each 
of these areas on one or both hands, and whorls on seven or more finger-tips, 
he is placed in grade 7; if fewer, he is classified accordingly. Hypothenar pat- 
terns are omitted because of their negative correlations with thenar patterns: 
An examination of tables 4 and 5 shows associations between the following. 
handedness with pattern D in the fourth interdigital area, handedness with 
whorl frequencies, patterns in the second interdigital area with whorl fre- 
quencies, and pattern frequencies in second and fourth interdigital areas, and 
between the cumulative frequencies of whorls on finger tips and patterns on 
palms with handedness. The highly significant indications of linkage between 
handedness and pattern D are in accord with the earlier findings of RIFE 
(1941). As a further check, these same areas were tested for linkage by the 
graded character method, with a resultant highly significant relationship 
(table 5). The relationship between whorl frequency and handedness is also 
highly significant, although less than that between pattern D and handedness. 
The indicated relationship between whorls and interdigital area I is significant 
but not highly so. In view of the fact that patterns occur only rarely in the 
second interdigital area and that they occurred in only five of the 34 sibships 
included in this investigation, the test results should probably not be con- 
sidered as conclusive evidence of linkage between these traits. The linkage 
relationships between areas II and IV were also tested by the graded character 
method and, as shown in table 5, no linkage is indicated. 


DISCUSSION 


Pattern occurrence in each of the palmar areas, transversness of palmar 
ridges, and whorl frequencies on finger-tips all show one or more inter-correla- 
tions. Highest correlations are usually obtained within palms when single 
rather than paired palms are compared. Associations characteristic of auto- 
somal linkage are shown between handedness and whorl frequencies on finger- 
tips, handedness and pattern D in the fourth interdigital area, and cumulative 
pattern and whorl frequencies on palms and finger-tips with handedness. 

Questions may arise as to why we do not also find evidence of linkage be- 
tween patterns in the second interdigital area and the direction of Line C with 
handedness, since both show positive correlations with pattern D in the 
fourth interdigital area. Patterns occur only rarely in the second interdigital 
area, and in the absence of complete correlation between patterns in the two 
areas, it is not surprising that evidence for linkage of patterns in the second 
interdigital area with handedness is lacking. The correlation between pat- 
terns in the third and fourth interdigital areas actually is largely a one way 
correlation. A loop is usually formed in the third interdigital area when Line 
C swings in a radial direction, whereas a Joop is usually formed in the fourth 
interdigital area when it swings in an ulnar direction. In the presence of pat- 
tern D in the fourth interdigital area, Line C usually forms a loop in the 
third interdigital area, very seldom in the fourth. In the absence of pattern D, 
however, loops occur with not greatly different frequencies in the third and 
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fourth interdigital areas. Due to abortive conditions of Line C or its complete 
absence in one or both palms of several individuals, only 273 pairs were avail- 
able for comparisons. In view of these circumstances, one would not necessarily 
expect indications of linkage between Line C and handedness to appear. 

While both whorl frequencies on finger tips and patterns in the fourth inter- 
digital area show evidence of linkage with handedness, they show no indication 
of linkage with each other. This need cause no concern, since genes condition- 
ing each of the traits may conceivably be located on a single chromosome, the 
gene affecting handedness being located midway between genes affecting 
whorls and patterns. The techniques employed for testing linkage are not 
precise enough for the detection of linked factors with high crossover percent- 
ages. It is also possible that two independent pairs of factors may affect 
handedness, one of which is linked with genes affecting whorl frequencies, and 
the other linked with genes affecting pattern development in the interdigital 
areas. In view of the association manifested between whorl frequencies and 
interdigital patterns, however, the most likely possibility is that the genes 
responsible for the correlation between whorls and interdigital patterns are 
linked with genes determining handedness. This is borne out by the relations 
between cumulative finger whorls and palm patterns with handedness. Other 
sets of genes likely influence the development of different areas independently, 
thus partially accounting for the lack of complete correlation between them. 

Findings from comparative anatomy and human embryology would seem 
to lend support to this latter view (WHIPPLE 1904; CUMMINS 1929). Pattern 
areas on palms and finger-tips, as well as on soles and toes, are homologues of 
the volar or walking pads of mammals. During embryological development 
these pattern areas are much more elevated than at birth. Although the 
phylogenetic record is incomplete, there is good reason to believe that the 
degree of pattern development is positively associated with the degree of 
elevation of pattern areas and that the evolutionary trend has been toward a 
reduction in degree of elevation with a corresponding decrease of pattern 
intensity. 

These changes have not progressed uniformly in the various pattern areas 
or even in right and left hand, as attested by the well established differences 
in pattern frequencies. Mutations affecting specific areas could account for 
such differences, while mutations affecting genes having a common effect on 
area elevation would be responsible for the general evolutionary trend toward 
reduction in pattern frequencies. Genes having a general effect on the degree 
of elevation and pattern intensity seem likely to be responsible not only for 
the observed correlations, but also possibly to be linked with genes determin- 
ing handedness. Such linkage relationships would be more easily detected in 
pattern D and finger-tip whorls, because of the comparatively high occurrence 
of patterns in these areas. 


SUMMARY 


Within single hands, negative correlations exist between the occurrence of 
patterns in hypothenar and thenar areas. Positive intercorrelations exist 
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between pattern frequencies in thenar and second interdigital areas, between 
pattern frequencies in the second, third and fourth interdigital areas, and 
between the transversness of ridges and interdigital pattern frequencies. 
Within individuals, positive correlations exist between pattern frequencies 
in the second and fourth, the second and third, and the third and fourth 
interdigital areas. Frequencies of whorls on finger-tips are positively associated 
with pattern frequencies in the second, third, and fourth interdigital areas. 
Paired sib comparisons show associations characteristic of autosomal 
linkage between factors responsible for D patterns in the fourth interdigital 
area with handedness, for whorl frequencies on finger-tips with handedness, 
and for combined whorl and pattern frequencies on finger-tips and palms with 
handedness. 
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HE study of the results of combining various.genetic factors affecting a 

particular embryonic system permits certain inferences concerning the 
nature of gene action. Favorable material for such a study is supplied by three 
Drosophila melanogaster mutations whose chief detectable effects are to increase 
the number of chaetae present on the fly. In the first paper of this series (NEEL 
1941) it was reported that the phenotype of a combination of any two or all 
three of these mutations generally represented more than the sum of the ef- 
fects of these mutations when acting separately. A barrier to an analysis of the 
developmental reactions revealed by these data was the following circum- 
stance: the eight different genotypes included in the study were in some cases 
characterized by significantly different mean fly sizes. Since previous work 
(MACDOWELL 1915, NEEL 1940a) had shown that chaetae number is correlated 
with fly size, any attempt to analyze the data without first correcting for the 
size differences between genotypes would be to introduce an initial bias; the 
data then on hand were not considered adequate to make this correction. 

In the present paper the equations for the regression on fly size of each of the 
five chaetal characteristics studied in the different genotypes are derived 
where possible. These equations are then utilized in the analysis of two related 
questions: (1) What do the interaction data, corrected for size differences, 
reveal concerning the embryonic reactions involved in the formation of 
supernumerary chaetae? (2) How are the regression coefficients in a genotype 
ab related to the coefficients observed in either a or b? This latter question is 
one on which we have at present little information, important though it is to 
the problem of related increases in the magnitudes of two measurements. 


MATERIALS AND METHODS 


The factors utilized in this study were Hairy wing (Hw, 1-0.0+), hairy 
(h, 3-26.5), polychaetoid (pyd, 3-39+2), yellow (y, 1-0.0), and sepia 
(se, 3-26.0). The first three factors increase the number of chaetae present. The y 
and se genes have no known effects on the chaetae but were used in the crosses 
as markers of Hw and h, respectively. After y Hw, se h, and pyd strains had 
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been rendered highly isogenic with a long inbred Oregon wild type line through 
repeated crosses to, and extractions from, this line, the possible combinations 
of the three factors affecting the chaetae were synthesized. The study thus 
includes a total of eight genotypes: +°', y Hw, seh, pyd, y Hw; seh, y Hw; pyd, 
seh pyd, and y Hw; se h pyd. The considerations dictating the choice of these 
particular mutations and details concerning the synthesis of the stocks are 
given in the earlier paper. 

Five characteristics pertaining to the chaetae were investigated: number of 
dorsocentral bristles, number of scutellar bristles, number of scutellar hairs, 
number of hairs on the right second longitudinal wing vein, and number of 
teeth in the right sex-comb. For each genotype the relation of these charac- 
teristics to mean fly size, as measured by femur length, was derived in the fol- 
lowing manner: Flies of the desired genotype were allowed to oviposit on 
small food chips for eight to 12 hours. At the end of this time the eggs were 
divided into lots of either 100 or 200, and each lot placed in a 23 X95 mm shell 
vial which contained 10 cc of a yeast suspension absorbed on one sheet of 
Kleenex, an absorbent paper preparation. The concentration of the yeast 
suspension in different vials varied between 2.5 and 25 percent. By regulating 
the number of eggs introduced into the vial and the concentration of the yeast 
suspension, it was possible to get groups of flies of very different mean sizes. 
All experiments were conducted at 25.0+0.3°C. To establish the nature of the 
regression obtaining in any one genotype, groups of 50 male flies raised at a 
particular food level were investigated as to mean femur length and the mean 
condition of each of the five chaetal characteristics. The data on each fly were 
kept separate. The examination of eight or nine such groups raised at different 
food levels gave a sufficient spread in the mean values of the characteristics to 
permit a derivation of the regression coefficients, using the method of least 
squares. To be certain of a considerable distribution in the values of the means, 
it was customary to select from the group raised at the lowest food level (initial 
condition: 200 eggs on 10 cc of a 2.5 percent yeast suspension) the 50 smaliest 
males and derive the mean values in this special group. 

The duration of the egg-larval-pupal stage is longer when flies are raised at 
a low food level than when food conditions are more favorable. In an earlier 
experiment, no relation between the length of egg-larval life and the number 
of dorsocentral bristles could be detected in pyd flies nor in flies containing 
another bristle mutation, Dichaete (NEEL 1940a). It is assumed, in the absence 
of any evidence to the contrary, that the same lack of correlation between 
character expression and the duration of development is true for all chaetae, 
both in pyd and in Hw and h flies. The differences in the length of the life cycle 
in different groups of flies, resulting from the technique employed, are thus 
regarded as having no effect upon the regressions observed. 


RESULTS 
The regressions in the different genotypes 


The complete results of this procedure are too bulky for publication, but are 
on file with Genetics. The exact nature of the regressions of the various chaetal 


GENE INTERACTION 51 


characteristics on femur length is difficult to determine when one of the varia- 
bles, femur length, shows such relatively small variations. Thus, in any one 
case the regression shows good conformity to a straight line no matter whether 
the data are plotted arithmetically, logarithmically, or semi-logarithmically. 
Accordingly, the regressions wére derived on the assumption of a linear rela- 
tionship between the expression of the chaetal characteristic and femur length. 
The regressions, derived by the method of least squares, were of the form 
E=ax+b, where x is the femur length, a the slope of the regression line, b the 
intercept on the Y-axis, and E consequently the estimated value of the char- 
acteristic at the given femur length. Values of a and b are given in table 1. 
Where a character showed no, or very slight, variation, regression constants 
could, of course, not be obtained. In a very few instances where the departure 
from wild type shown by a characteristic in a particular genotype was small, 
at lower body sizes this characteristic appeared essentially normal. In such 
cases the regression was derived only over that size range in which appreciable 
variation occurred. The range.in femur length over which any one characteristic 
was observed to vary sufficiently from wild type to be studied is indicated in 
table 1. The average number of paired determinations used in the derivation of 
each of the 33 regressions was 451.5 (9.03 groups). The standard error of 
estimate of E is also given in the table, as an indication of the dispersal of the 
points about the line of best fit. The regression equations are plotted in figure 1. 
The projection of the regression line on the abscissa indicates the range in mean 
femur length studied, while its projéction on the ordinate indicates the approxi- 
mate range in the chaetal characteristic. 


The effect of modifiers on the expression of the three factors 


The differences between these eight genotypes which are described in table 
1 and figure 1 are undoubtedly for the most part referable to the known genetic 
differences between the strains. However, an unknown portion of these differ- 
ences may be ascribed to an initial failure to render these lines completely iso- 
genic for all factors except the recognizable mutations under investigation, 
and to the appearance of different modifying factors in the strains during the 
eight to ten months that elapsed between the synthesis of the strains and 
their use in this study. 

The se h data are pertinent in this connection. When the data on this geno- 
type were first collected, they led to the following regressions (each regression 
based on 500 paired determinations (10 groups) ): scutellar hairs: E=0.0631x 
— 7.389; scutellar bristles: E=0.00289x+ 2.673; wing hairs: E=0.0377x 
— 8.726; sex-comb teeth: E=0.0116x-+4.102. When the values predicted on 
the basis of these equations were compared with the values reported in the 
earlier paper (NEEL 1941), a discrepancy was apparent. Accordingly, the se h 
strain was crossed to, and the factors extracted from, the +°* line three ad- 
ditional times. The regressions were again derived and found to be in better 
agreement with previous results. It is this second set of se 4 data which is 
summarized in table 1 and figure r. At a femur length of 525 the following 
differences exist between the values predicted on the basis of the two sets of 








‘yuiod jueliaqe suo Aq paouangutl A[quiapIsuod san[eAa ase], , 





gii- gti: 
Sor*z zig‘ 
10100° Fg10° QI100° Fzz10° 
(6) (6) 
b*gtS-6'grit 9*6zS-1 ‘gor 
1£9° g9f° 
zbg*sS— gzOr1 
oSSoo* Fgz60° Lofoo* FSz10° 
(6) (6) 
b*gtS-6'gib 9°6zS-1 ‘gob 
O6or'r £6¢° 
$19°9 SlLe-v1— 
zo1o* Fzfgo- 6z£00* F6t60° 
(6) (6) 
ond v*gtS-6-grib 9°6zS—1 gor 
= for: 69Lo° 
> glv 1— SSz°¢ 
006000° F 6F10° Stgooo* FLEzoo* 
> (6) (6) 
“” b*gtS-6'gib 9°6zS-1 got 
a 9gz* ooSo* 
a ziber— 11S*z— 
oe ] o$zo0o0* F¥zzQ° £gg000° Fgtri10° 
(6) (8) 
PgtS-6-git 9° OzS—g Sst 


pad y as ‘my & 


ezz° t6go° 
066°z g61*z 
$L6000° FSz10° obgooo* F#S10° 
(6) (01) 
$*€bS-o'Sib z*oSS-—6'biv 
giver S1v- 

Sgt: S1g'z— 
6z10° Fogo: L6z00* FLvzo° 
(6) (01) 
oS fbS-o'Sib z°gSS-6°bit 
1Sz"1 192° 

Zs¢-s— 6zg*z— 
6010° FLeggo- Lg10o0° FSt10° 
(6) (01) 
$-€vS-o-Sitb z*oSS-—6'tit 
ogi" gr6o° 
6z10°— S$69°z 
ov100* F Loro* 6L9000° FgSfoo* 
(6) (or) 
S*€bS-o'Sib z*gSS-6°tit 
Lee: ple: 

1Szo"— rot -f— 
g6100° Fggi0° ggz00* F1bz0° 
(6) (01) 
S*€bS-o'Sib z*oSS-—6°tit 
y as fay & pid imy 4 














€gr° ogi" gtr: ter =: ts 
££9°S 9S9°? og’ 969°S q 4293 
gf100° F $0600" ©9100° FIII0° £1100" FgIIO" BzRZOOCO* F IgQgC0" e qul02-x3S 
(6) (6) (6) (01) x jo 
1°€SS—L*git 9° gSS—g'oSh v-6bS-S-ozh 9° ¥oS-L*6zb aduey 
6r6- LLe- -- -- =: Ag 
ees-L— Lov1— _— - q 
£1L00° F£Szo- glfoo* FLr10° _ _ z sitey Sul 
(6) (6) x jo 
1°fSs-L-gib 9° gSS-g'oSh — azuey 
gzs° 1fz° — — x-Ag 
vSg*hi— 6zS*1— _ — q sitey 
g6f00° FLiLo- ofz00° F¥o10° _— _ ze JETIIINIS 
(6) (6) x Jo 
I'€SS-L-gih 9*gSS-g*9Sh _ — asuey 
LSgo- g6go° 990° — =A 
bgg'z ogs *£ zgr'e _— q apsuq 
%zZ00° F¥gzZOO" gt100* Flg6000" z1So000* FS£100° — z JETIFINIS 
(9) (8) (6) x jo 
1°€SS—o'11S 9*gSS-£°z6r v-6PS-S‘ozh _ asury 
— goz* €L1° — =: fs 
_ SLe-z— £69°— _ q apsuq 
— gozo00* FgS10° b£100° Fgr10° — z [®1}Ue90sI0qT 
(6) (6) x jo 
- 9*gSS—g'9Sh ¥°6vS-S-ozh = azury 
y as my & pcg + aaLVavHD 
aAdALONAD 
*93UDs JDY4 


ut papnjour yova sarf oS fo sdnoad fo saqunu ay syvoipur ..x fo a3un4,, ay] 2azfv Sasayquaand ur aan3yf ay 7 “ay fo agoumysa fo 40449 pavpunys ay4 st *°4S quDjsuod oY T 
‘e fo ajpuysa fo 40449 PADPUDIS 94} St Sanqva v 9Y3 07 papuaddD 40449 YT, ‘4 73UI] Anmas sty WD D4St4nIDADYD 94] fo ONDA PaDUYsa a4] | PUD YI3UI] Anmaf uDaU St x 
asaym ‘G+xe = masof ayy fo uoyonba un ur 4dao4294ur-K 942 q pun ‘adojs syuasaddaa & JUBISUOD BY [ “PayDINIIDI UIaq BaDY SJUDJSUOD UOISSa43a4 OU ‘UOYDLLDA DIpD4AOdsS 


KUO St a4ay] a4ayM 40 ‘PPDUS St UOYDIADA fo aduUDA ay] aday A “SAdKjouas yuasaf[ip qy319 ayy Ut ‘yI3Ua] Anwaf UO SI4St499D4DY9 PDOJaDYD sal ay, fo UOrSSA4394 BY T 


N 
ww 





I alavy 


GENE INTERACTION 53 


regressions: scutellar hairs, 3.01+0.86; scutellar bristles, o.11+0.12; wing 
hairs, 5.31 +1.27; and sex-comb teeth, 0.18+0.33. In both cases where the dif- 
ferences are significant, the strain which had been crossed the three additional 
times showed the lower values. These results are most easily explained by 
assuming the accumulation in the strain of one or more positive modifiers of 
some of the chaetal characteristics under consideration, with the loss of these 


7 


y Hw, seh pyd 


6 


SCUTELLAR y te, cob 
BRISTLES 








400 450 300 350 
FEMUR LENGTH 


60 45 y Hw; se h pyd 
Hw; se h pyd 
"ieee y . i hl 
Hw, seh 
40 oem tlaia 30 ees 


se h pyd —_ 
SCUTELLAR “el oe WING 
HAIRS HAIRS 
seh 
20 's 
ae y Hw, pyd 


a 











a 
y Hw; pyd —— seh 
——— Hew 
400 450 500 $50 400 450 $00 $50 
FEMUR LENGTH FEMUR LENGTH 
12 12 
y Hw; seh pyd 
seh pyd y Hw; seh pyd 
" 10 y Hw; pyd 
wen Hw; seh 
10 r) 
SEX-COMB DORSO- 
TEETH CENTRAL 





BRISTLES = 
’ er ™ 
a pen 
= L at LY) 


% 
350 
400 450 300 350 4 
FEMUR LENGTH FEMUR LENGTH 














FicurRE 1.—The relation between mean femur length and the mean number of chaetae present 
in five different regions, in y Hw, seh, pyd, y Hw; se h, y Hw; pyd, se h pyd, y Hw; se h pyd, and 
wild type Drosophila melanogaster males. Details in text. 


modifiers on outcrossing. The modifiers appear to be rather specific, in that 
they affect those two of the four characteristics under observation which are 
phenotypically most similar. 

In the se h case, the accumulation of modifiers was first detected because 
of the relatively large effect on the wing hairs. Comparison of the present data 
with the earlier results suggests that other less striking modifiers may have 
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accumulated in several strains. HERSH (1930) has recorded a similar rapid ap- 
pearance of modifiers of a quantitatively variable characteristic in Drosophila 
melanogaster, Bar eye. Moreover, there can be little doubt that various wild 
type strains, in spite of their anatomical similarities, differ greatly with respect 
to their complement of minor modifying factors (cf. PIPKIN 1942). The inter- 
action of these three factors might therefore appear significantly different if 
they were studied on another genetic background. It is obvious that under 
such circumstances one must be cautious in the development of theoretical 
treatments of the data. 


ANALYSIS OF THE DATA 


It is apparent from figure 1 that in the cases of two of the five characteristics 
studied (number of scutellar hairs, number of hairs on the right second longi- . 
tudinal wing vein) the relations of the various regressions on femur length are 
essentially the same. In each case there is evident a family of straight lines in 
which, within the range of chance variation, at any given value of x over the 
range in x studied the slope of any single line tends to be directly proportional ~ 
to the magnitude of its y value. In each case this series of lines can be trans- 
formed to a family of lines whose slopes are not significantly different by plot- 
ting the ordinate logarithmically. Moreover, the slopes of the wing hair regres- 
sions are quite similar to those of the scutellar hair regressions. Such a treat- 
ment of a third characteristic, the scutellar bristles, although it lessens the 
differences between lines with respect to their slopes, still leaves a situation 
where at a given x value the equations yielding the largest y values have the 
greatest slopes. But if in this latter case one plots as ordinate the logarithm 
of the bristle number minus four, one secures a family of parallel lines. The the- 
oretical justification in the subtraction of four lies in the fact that normally 
three are four scutellar bristles present; the bristle number minus four is thus 
the number of extra bristles present. There are in the wild type only very sporad- 
ic hairs present on the scutellum, and none on the second longitudinal wing 
vein, so that the values shown for these characteristics refer without correction 
to the number of extra chaetae. In these three regions, then, the number of 
extra chaetae is apparently related to the size of the fly in a similar manner. 

The situation with respect to the dorsocentral bristles appears to be different. 
Thus, when the ordinate is taken as the logarithm of the number of extra 
bristles, the smallest regression coefficient (y Hw; se h) is 0.00183 +0.000216, 
and the largest (se h pyd), 0.00877 +0.000480. But when the logarithm of the 
total number of dorsocentrals is plotted against femur length, there is a reason- 
able approximation to parallelism, with the greatest difference between any 
two slopes (y Hw; se h—se h pyd) being 0.000423 + 0.000484. While it is impos- 
sible to say to what extent this situation is due to the operation of chance and 
accumulated modifiers, the fact, to be discussed below, that the type of inter- 
action seen here differs from that in the preceding three systems suggests that 
this difference is real and characteristic of the region. 

The sex-comb data present a unique picture. The variation in the mean 
number of teeth in the right sex-comb is so small that the relations of the data 
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are not materially altered by logarithmic plotting. The seriation with respect to 
the steepness of the regressions on an arithmetic plot is as follows: +°", se h, 
y Hw, pyd, seh pyd, y Hw; se h, y Hw; pyd, and y Hw; seh pyd, with the latter 
two separated from the former by quite a gap. Unlike the other systems, this 
seriation does not appear to be related to the magnitude of the departure from 
wild type, but rather to the number of mutations present in the strain. For 
instance, although the regression coefficient for y Hw; se h is significantly 
greater than for +, flies of the former genotype have significantly fewer 
teeth in the sex-comb at all sizes studied. The relative steepness of the regres- 
sion in the two genotypes containing y Hw and pyd may indicate a type of 
specific interaction. 

As pointed out above, the present data, because of the relatively small range 
of the variables, can equally well be treated as an expression of a linear relation 
(y=ax+b) or of an exponential function (y = bx*); for simplicity’s sake the 
former treatment was chosen. Since the variations in mean femur length are 
relatively small (although corresponding to an approximately six- to eightfold 
variation in body weight), conversion of the femur lengths to their logarithmic 
equivalents would not alter the relative femur lengths to an important extent. 
The conversion of the considerably more variable numbers of hairs and bristles, 
as described above, therefore gave essentially the same picture as would have 
resulted from treating the data as an expression of the second relation, which 
in its logarithmic form becomes log y=log b+k log x. In view of the large 
amount of work done on biological relationships of this nature, it is of interest 
to consider the data from this angle. 

Although the equation y = bx* has been found to describe a variety of cases 
of correlated increase in two measurements, the exact biological significance 
of the constants b and k remains unclear. In the present case, k may be re- 
garded simply as the ratio of the percentage change in the number of chaetae 
to the corresponding change in femur length. A more exact definition depends 
on knowledge of the time course of determination of chaetae and femur length 
—exponential, parabolic, or sigmoid—and such is lacking at present. The sig- 
nificance of b is even more ambiguous. As the value of y at x=1 in the origi- 
nal system of measurement, it is in these cases a meaningless extrapolation. 
However, as HERSH (1941) has pointed out, since our units of measurement 
along the X-axis are arbitrary, we can select any point along this axis as the 
origin of a new axis parallel to and coinciding with the old one, and if in so doing 
we select an origin such that x=1 has biological significance, then the values 
of b acquire greater meaning. In the present case we can set x=1 at the smallest 
femur length held in common by all the genotypes studied with respect to a 
given system. The values of y at x=1 as read from the figure may then be 
regarded simply as indices of the bristle-forming abilities of these genotypes in 
the neighborhood of the smallest size at which all show extra bristles. 

It is clear that in the present case, the effects of a given set of genes on b and 
k vary according to the region under observation. When the scutellar and wing 
hairs and the dorsocentral bristles are considered, k remains relatively con- 
stant while b varies according to the genotype. The modifiers of the wing and 











56 JAMES V. NEEL 


scutellar hairs studied in connection with se h also altered b without sig- 
nificantly affecting the value of k. In the scutellar bristles there is a direct re- 
lationship between the magnitudes of b and k; this is probably the first time 
such a relationship has been described. If we render the bristle data compa- 
rable with the hair data, by subtracting four from all means, the dorsocentral 
data approximate an inverse relationship between the magnitudes of b 
and, k, a type of relationship first described by Hersu (1931), while for 
the scutellar bristles, k remains constant with increasing magnitudes of b, 
as-in the scutellar and wing hairs. The latter situation is an interesting ex- 
ample of how in a group of related cases fundamental similarities in the 
manner of increase of two measurements may be obscured by the initial value 
of one of the measurements. Finally, the sex-comb teeth fail to show any con- 
sistent relationship between slope and intercept values. The possible signifi- 
cance of these findings in relation to correlated growth problems will be dis- 
cussed later. 

The foregoing considerations have been directed primarily at the second of 
the two questions raised in the introduction—namely, the manner of inheri- 
tance and interaction of regression coefficients. The first question concerned 
the types of embryonic reactions revealed within the various chaetae-forming 
regions, after all the genotypes have been equated to a common size. In the 
analysis of such a question one is primarily concerned with bringing out such 
fundamental similarities and differences as may exist between the various 
systems. The following attempt at analysis will be based on the assumption 
that the effects of the various factors in combination would be fully predictable 
from full knowledge of their effects when acting separately. DANFORTH and 
Der ABERLE (1927) and WRIGHT (1941) have drawn attention to an alternate 
possibility, “the gene substitutions may bring about not only quantitative dif- 
ferences along a chain of reaction but also transmit differences in specificity. 
It is possible to dismiss any interaction effect as merely an inexplicable mani- 
festation of specificity, an emergent in the sense of Lloyd Morgan” (WRIGHT 
1941, p. 321). While such specificities should be postulated only as a last re- 
sort, the possibility of their existence, which in the present imperfect state of 
our techniques can be neither confirmed nor denied, must be borne in mind. 
Another conceivable cause of apparent irregularities in interaction, applying 
particularly to a form like Drosophila with highly mosaic development, is that 
just as there exist demonstrable differences from region to region in the type 
of interaction observed, so there are intra-regional differences; the evaluation 
of interaction effects within, for example, the dorsocentral area is thus the 
average of several different types of interaction and as such of course does not 
fall into any simple scheme. These two possibilities will be touched on later. 

In consequence of the type of regression observed, it makes no great dif- 
ference to the picture of interaction effects in the wing hairs, scutellar hairs, 
or scutellar bristles what particular size is used as a reference point, so long as 
it is within the range in which all genotypes show extra chaetae. This is not 
true of the dorsocentral bristles and sex-comb teeth. Table 2 shows the calcu- 
lated values for wing hairs, scutellar hairs, and scutellar bristles in the various 
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genotypes at an appropriate femur length. Differences between these values 
and the corresponding values given in the earlier paper are due to the reduction 
to a common size, to differences in newly arisen modifying factors, to the fact 
that these experiments were carried out at 25°C rather than at 24°C as in the 
preceding work, and to chance. 


TABLE 2 


Calculated values for the number of extra wing and scutellar hairs and scutellar bristles at 
the femur length indicated. 











FEMUR 
CHARAC- | ENGTH pyd seh yHw yHw,;seh yHw;pyd seh pyd yHw;seh pyd 
TERISTIC 
(u) 
Wing 500 —_ 5-12 5.88 32.39 9-74 8.18 40.46 
hairs +o.95 +0.38 +2.48 +t0:42 10.37 +0.63 
Scutellar 525 — 22.79 3-93 41.21 4-78 35-55 50.29 
hairs +o:55 tom 2:56 2 “S65 O'1.17 
Scutellar 525 0.19! 0.070 0.098 1.605 0.564 0.399 2.347 
bristles +0.066 +0.086 +0.090 +0.160 0.095 +0.077 +0.103 





The wing hair data, equated to an average femur length of soon, may be 
considered first. Although pyd acting separately has no effect on the wing hairs, 
in combination with either / or Hw it is a strong modifier of hair number, and 
in each case to about the same extent. The effects of pyd when acting sepa- 
rately are therefore either sub-threshold or else can only be expressed in the 
presence of 4 or Hw. Hw and h in combination interact very strongly. If some 
arbitrary value be assigned to pyd, it is obvious that the effects of Hw, h, and 
pyd are more multiplicative when the genes are acting in combinations of two 
than when all three are together. Probably the simplest hypothesis of factor 
interaction which brings regularity into these data is an adaptation of the in- 
verse probability transformation which has been described by WriGHT (1920) 
and Wricut and CHASE (1936). We may assume that at this intermediate fly 
size the mean number of hairs which can appear on the second longitudinal 
wing vein has an upper limit in the neighborhood of 45—that is, not much 
above the number present in y Hw,se h pyd. It is an observable fact that when 
such a number is present, hairs are more or less regularly spaced along the 
entire length of the vein, and that when hair number rises much above this 
there is a tendency for hairs to be located on small diverticula off the main 
vein, or on thickenings of the vein. This fact introduced difficulties into the 
determination of wing hair number. In the adaptation of WricHT’s scheme it 
is assumed that the addition to the genotype of a given factor tending to 
increase the number of wing hairs does not have the same phenotypic effect in 
all combinations of such factors, but has a relatively small effect when acting 
near the ends of the range, and a greater phenotypic effect near the center, 
with the exact relation between the “genetic determination” as abscissa and 
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the phenotypic effect of a vanishingly small increase in “genetic determina- 
tion” as ordinate approximating in appearance a normal frequency curve. By 
“genetic determination” is meant the sum total of those genetic effects which 
tend to evoke hairs on the wing vein. It follows that the relation between 
“genetic determination” and phenotype, derived from summing the area 
under the curve to the left of any “genetic determination,” is given by the 
ogive of the normal frequency curve, with the upper asymptote at 45 hairs. 
“Genetic determination” is measured in terms of o units, with practically the 
entire range of effective dosage being included in a spread of 6c. To establish 
the “genetic determination” corresponding to a particular phenotype, one 
first calculates the fraction of the maximum possible phenotype which this 
particular phenotype represents, and then, using a table of normal curve 
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Ficure 2.—The assumed relation between “genetic determination” (as defined in text) and 
the number of hairs on the second longitudinal wing vein. It is apparent that a given increase in 
“genetic determination” (for example, one o unit) has a much larger phenotypic effect in the 
middle of the scale than toward either end. 


areas, determines at what abscissal value in terms of o units from the left end 
of the normal frequency curve such a fraction of the total area is reached. 
Conversely, the phenotype resulting from a given “genetic determination” is 
measured in terms of the area included under the curve between Oo and that 
particular o value from the left end. Genetic effects are assumed to be additive 
along the abscissa. This hypothesis is illustrated in figure 2. 

Since pyd has no visible effect when acting separately, it is necessary to 
assign an arbitrary o value to it. Making this value equal to .3¢ units, and 
deriving from the data a value of 1.880 for Hw and 1.790 for h, we get the fol- 
lowing results for the four combinations: 


y Hw;seh y Hw; pyd seh pyd y Hw; seh pyd 
Observed o value 3-58 2.21 2.09 4.27 
Expected o value 3-67 2.18 ; 2.09 3-97 


Expected phenotype 33-71 9-27 8.18 37-53 
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Comparison of the expected phenotypes with those given in table 2 reveals 
only one significant difference, in y Hw; se h pyd. Even closer agreement could 
be obtained by dllowing for the probable departures of the primary pheno- 
types from the “ true” phenotypic values, as the result of chance and modifying 
factors. Moreover, there is no a priori reason for assuming the relation be- 
tween the strength of the “genetic determination” and the effect of a small 
increase in this determination to be exactly symmetrical; a slight positive 
skewness could help account for the y Hw,se & pyd discrepancy. 

The phenotypic interactions seen in connection with the scutellar hairs are 
somewhat similar to those met in the wing hairs. Thus, pyd has no effect in the 
absence of Hw or h, but combined with either acts as a positive modifier. 
Moreover, the relative effect of pyd is greatest in combination with s—that is, 
at an intermediate phenotype. However, if some reasonable value be assigned 
to the maximum mean number of s¢utellar hairs, and an attempt be made to 
treat the data in the fashion employed for the wing hairs, significant departures 
from expectation are observed. Polychaetoid interacts more strongly with se h 
than with y Hw. Now, it is well known that mutations affecting chaetae num- 
ber characteristically have a region or regions of maximum effect, with the 
departure from wild type decreasing as distance from that center increases 
(cf. NEEL 1940b for discussion and references). The scutellar hairs in y Hw 
flies tend to. be on the anterior part of this region, while in se # they are usually 
more posteriorly situated (NEEL, 1941). We may therefore surmise, follow- 
ing the discussion of p. 59, that the “invisible field” of pyd, whose existence 
we deduce from the interaction of pyd with the other factors, more nearly 
coincides with that of one of these factors than the other, and so differences in 
the phenotypic interactions result. The general type of interaction would still 
be as in the former case. 

The scutellar bristles, equated to a femur length of 525u, give a quite dif- 
ferent picture of factor interaction than do the wing or scutellar hairs. Extra 
bristles are present in all three primary genotypes, with the seriation pyd>y 
Hw> se h. However, the combination of Hw and h exhibits a very significantly 
greater departure from wild type than either of the other two combinations of 
two factors, and this marked interaction is maintained in the combination of 
all three factors. WRIGHT (1935) has described on theoretical grounds a type 
of factor interaction where the phenotypic departure from an optimum (in this 
case, wild type) varies as the square of an additive primary genetic effect. 
The effects of pyd in combination with Hw, kh and Hw;h show a fair approxima- 
tion to such a scheme. If we accept the values observed in pyd, se h, y Hw, and 
y Hw,se h as a good approximation to the “true” values, then the comparison | 
between observed and expected results is as follows: 


Genotype: pyd seh yHw yHw;seh seh pyd yHw; pyd y Hw; seh pyd 

V Zcbeorved: -44 26 31 1.27 63 75 1.53 

V Kexpected: +70 -75 1.71 
Xexpected : -490 - $63 2.924 


There is a good correspondence between observation and expectation in two 
of the three cases. In view of the roles of chance and modifiers in determining 
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bristle numbers, it seems entirely possible that, for example, the-observed 
values for pyd and y Hw,se h are too high by an amount equal to one times 
the standard error of their determinations. Assuming, then, a value for pyd 
of 0.126 and for y Hw;se h of 1.462, the comparison between “observed” and 
expected becomes as follows: 


Genotype: pyd seh y Hw yhw;seh seh pyd yHw; pyd yHw;seh pyd 

WXobserved: “3s 26 «32 1.21 63 Py 1.53 

V Xexpected: .61 .66 1.56 
Xexpected: +372 - 436 2.434 


This is a somewhat better fit. No other simple scheme has been found which 
results in so good a comparison between observation and expectation. We may 
therefore tentatively regard the scutellar bristle results as produced by a 
multiplicative interaction between two factors, with a third factor acting 
additively, the phenotype increasing as the squaie of these additive primary 
effects. CHARLES (1938) has reported a comparable interaction of genes affect- 
ing the spotting pattern in the mouse: on a suitably transformed scale three 
of the four factors investigated appeared to act additively, while the fourth 
had a multiplicative effect. 

In both y Hw and se h the frequency of extra scutellars was so low at inter- 
mediate and small femur lengths that the regressions could be derived over 
only a relatively limited range in fly size. This picture of factor interaction is 
therefore to be derived from the data only at relatively large fly sizes. 

In view of the proximity of scutellar hairs and bristles, both were equated 
to the same size in the above treatment, a size in this case dictated by the 
scutellar bristle data, in order to facilitate the establishment of any possible 
interrelationships. None was found. 

In the case of the dorsocentral bristles and teeth in the sex-comb, the exact 
picture of gene effects which one obtains depends to a much larger extent than 
in the preceding on the size at which one evaluates these effects. This is 
obvious from figure 1. However, the general features of the interactions ob- 
served in the dorsocentrals are the same at all sizes, in spite of important dif- 
ferences in detail. Although extra dorsocentrals were present in all three 
primary genotypes, in se h they were so sporadic that a regression could not 
be derived. The supernumerary dorsocentrals evoked by pyd, and, more rarely, 
by se h, are quite restricted in distribution, usually falling in line with the 
normal dorsocentrals, while those associated with y Hw have a more general 
distribution. In spite of the wide differences in the pyd and se h phenotype, the 
interaction of either with y Hw results in a very similar, phenotypically super- 
additive end effect. On the other hand, the interaction of se h with pyd results 
in a fly with fewer dorsocentrals than pyd. The fact that a similar, although 
non-significant, interaction between se h and pyd was noted in the earlier in- 
vestigation makes it probable that this peculiar effect is not due to modifiers 
in the se h pyd, pyd, or se h strains. While this suggests competition effects 
within the relatively limited area in which these factors induce departures 
from wild type, the application of such a concept is difficult in view of the 
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strongly positive interaction seen in y Hw;se h pyd. No consistent scheme relat- 
ing all these effects has yet been developed. 

Similar but even more complicated relations are apparent in the sex-comb 
teeth. Thus, y Hw and se h increase slightly the number of teeth in the sex- 
comb, but the combination of these two has significantly fewer teeth than 
normal. Polychaetoid flies also have fewer teeth than normal. However, the 
combination of y Hw,;se h with pyd results in a fly with significantly more 
teeth than wild type. 

It is obvious from the foregoing that, as nearly as can be judged from the 
phenotypic picture, the dynamic relations of these three genes differ sig- 
nificantly according to the part of the body under observation, even though 
the characteristic studied is more or less comparable in all regions. The ques- 
tion of “specific interactions,” mentioned above, emerges most clearly in 
connection with such apparently irregular results as those pertaining to the 
sex-comb teeth. A related question of great importance to the ultimate inter- 
pretation of the apparent regional differences in factor interaction is this: do 
the factors involved have the same primary effects in all regions of the body, 
with the different end effects imposed by local circumstances, or does one 
factor have several different and independent roles to play? In the latter case 
there is of course no reason to expect the same type of interaction in all 
systems in which the factor plays a role, nor to attempt to interpret the 
phenotypic interactions seen here so that at one stage they fit into a common 
pattern (for a fuller discussion of this question see SrLow 1939 and NEEL in 
press). Evidence as to the physiological versatility of a factor may be derived 
in various ways, and particularly from a study of multiple allelic series of 
factors with pleiotropic effects. Unfortunately for the present problem, muta- 
tions resulting in Hw and pyd have been reported but once. However, the 
+" locus mutates relatively frequently. Most of the alleles which have been 
reported are similar to the one studied here, but one (**!*) is characterized by 
a restriction of supernumerary chaetae to the wing (NEEL 1942b) and another 
(hk?) by a similar restriction of extra hairs to the wing and in addition by 
cylindrical bristles with javelin heads (Drosophila Information Service 9). 
(The location of the “javelin” mutation at 3-19.0 raises a question as to 
whether /? may be the result of a small chromosomal aberration involving the 
javelin locus.) The fact that the +” gene may mutate in what appear to be 
qualitatively different directions may be taken as evidence of some bio- 
chemical independence of the various effects of the factor, although obviously 
decisive evidence is lacking. For the present the question of the relationship 
between the effects of these factors must be left open. Wricut (1927, 1941) 
and RUSSELL (1939) have described a somewhat similar case in the guinea 
pig, where the interaction of factors affecting pigmentation appears to be 
different in the epidermis, eye, and hair, and have interpreted it in terms 
of regional threshold differences. This explanation has been challenged by 
SILOW (1939). It is difficult to see how a similar explanation could be applied 
here. 
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THE RAPID ACCUMULATION OF MODIFIERS OF FLY SIZE IN THE STRAINS 


It was suggested above that in these strains minor modifiers of bristle num- 
ber had arisen with a relatively high frequency. The same appears to be true 
of modifiers of fly size. The relation between the concentration of the yeast 
suspension on which the flies were grown and mean femur length, when 100 
eggs were introduced into a vial, is shown in figure 3. As yeast concentration 
increased above ro percent there was no significant increase in femur length, 
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FIGURE 3.—The relation between food level and fly size in eight different strains 
of Drosophila. Details in text. 


and for this reason the data on concentrations down to and including 10 per- 
cent have been averaged together. The “10+ percent” size seriation so ob- 
tained may be compared with the seriation observed at a yeast concentration 
of 15 percent in the earlier work. The differences between the two series are 
so great that either the determinations were subject to large errors or else 
genetic differences had appeared in the strains in the eight to ten months 
(14-18 generations) elapsing since the earlier work. Culture conditions were 
so carefully standardized that the first explanation appears insufficient. We 
have then to fall back on the second explanation and recognize a rapid appear- 
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ance of modifiers of size. These modifiers may be either positive (for example, 
the y Hw,se h stock) or negative (the wild type strain); there is no evidence 
as to whether or not they are the same ones concerned with chaetae number. 
Some four months after the constants had been determined in the wild type 
strain, it was found to contain a “mutability stimulating” factor (NEEL 1942a). 
The majority of minor mutations produced over and above the normal rate 
under the influence of this factor were undoubtedly deleterious. There is 
no evidence as to how long the factor had been present in the strain prior 
to its discovery. If it had already been present in the strain for some time 
previous to the determination of the constants, this could account for the 
very considerable decrease in the size of the +°* flies. However, the y Hw 
strain was also found to carry the factor, it having been introduced in crosses 
of this strain to the Oregon line, and yet the y Hw flies showed no size decrease. 
There was no evidence for the presence of the factor in other strains. 

The significance of the size differences between strains was discussed in the 
earlier paper. 


THE RELATION BETWEEN NUTRITION AND SIZE IN THE VARIOUS GENOTYPES 


It is obvious from figure 3 that the seriation of genotypes with respect to 
mean femur length at 10+ percent yeast concentration is quite different from 
that at 2.5 percent. Under poor food conditions the four strains with the 
longest mean femur lengths all contain y Hw, while under more favorable con- 
ditions the observed seriation is significantly different. A similar tendency was 
noted when 200 eggs were introduced into a vial, although the data are not so 
extensive. 

All y Hw males were the offspring of y Hw/++ females; since, due to the 
poor viability and fertility of the homozygous y Hw females, it was necessary 
to propagate the various strains containing y Hw by heterozygous females. 
In any strain containing y Hw there was thus a segregation in each generation 
for y Hw and non-y Hw males. In such cases at low food levels the larger size 
of the y Hw males was readily discernible under the microscope. The size 
disparity was particularly marked in the offspring of y Hw/++; se h pyd 
females, the y Hw,se h pyd males having an easily detected size advantage 
over the ++; se A pyd segregants. These intra-strain differences are con- 
clusive evidence that the larger size of the y Hw males at low food levels is not 
due to the chance accumulation of similar modifiers in the y Hw strains but is 
a function of y, Hw, or some closely linked factor. 

Among the thousands of mutant types that have been studied in various 
species of plants and animals in the past 4o years, only a very few have been 
reported as superior to wild type with respect to viability, fertility, or any 
other characteristic which could be of adaptive significance. These “favorable 
mutations” have recently been reviewed by GusTAFSSON (1941) and will not 
be further discussed here. However, it should be emphasized that in most of 
the previously discussed cases, like the present, the mutant type is superior to 
the wild type only under certain special conditions, which are yet not so spe- 
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cial but that they could conceivably arise in nature. Such differential responses 
of mutants are of particular interest from the standpoint of the theory of 
“preadaptation.” 

BRIDGES (1939) has very briefly mentioned the greater-than-normal viability 
of a yellow allele (y**). NrLsson (1931) described a case of increased resistance 
to high temperature in a y w strain. BURKART and STERN (1933) drew atten- 
tion to the high viability of the Blond translocation, characterized by a 
reciprocal interchange between the tips of the first and second chromosomes. 
This may be related to an involvement of the y locus. If the present case is 
due to the yellow allele, this would constitute another possible instance of 
mutation at the +” locus resulting in a phenotype which under certain condi- 
tions had a selective advantage over wild type. The suggested relatively high 
frequency of “favorable mutations” at this locus deserves further study. On 
the other hand, it would be equally significant if the factor responsible was Hw, 
since DEMEREC and HOOVER (1939) have shown that this is a short duplication. 
NILSSON (1932) has reported that the Bar mutant, also due to a small duplica- 
tion, is characterized by high viability under poor food conditions. These may 
therefore be cases where under certain conditions new chromatin has a selec- 
tive advantage; such events provide a mechanism for intrachromosomal evolu- 
tion. Unfortunately, in the present case it does not appear possible to reach a 
decision between these two alternatives, since the Hw duplication first arose 
in combination with this particular y and is so closely linked that it has not 
been observed to separate through crossing over. 


DISCUSSION 


NEEDHAM and LERNER (1940) have pointed out the need for distinguishing 
between the actual relative growth of parts in relation to the whole or other 
parts (heterauxesis) and relative growth relationships between groups or indi- 
viduals compared at maturity or any other given stage of development (al- 
lometry). A complication in many of the existing attempts to compare growth 
relationships in related organisms, or to study the inheritance of growth con- 
stants, has been the failure to distinguish between these two phases of relative 
growth. A further complication has been an almost complete lack of knowl- 
edge of, or control over, the gene differences contributing to the growth dif- 
ferences obtaining in the forms under analysis (e.g., LERNER 1937, 1941; 
GREEN 1933). It is not immediately clear whether the present data are en- 
tirely comparable to the usual phenomena included in studies of correlated 
growth. Certainly there is a superficial difference between increase in the num- 
bers of such specialized structures as chaetae and the growth of an organ. 
However, earlier studies (NEEL 1940b) have shown that in pyd flies there is a 
close correlation between the number of dorsocentral bristles present and their 
total length—that is, each bristle number is distinguished by a more or less 
characteristic range in total bristle lengths. If this relationship is general for 
the various groups of chaetae studied, then correlating femur length with 
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chaetae number amounts to correlating size with the amount of chitin, etc., 
incorporated into certain special structures in various regions of the body. 
Among the various growth studies the present data are thus most nearly com- 
parable to the type of investigation reviewed by NEEDHAM (1934), concerning 
the relation of chemical changes to increase in body size, with the difference 
that the substance under investigation here is distributed in the form of dis- 
crete units. Considered in this light, the data are quite pertinent to the prob- 
lem of relative growth, since they constitute a unique study of the effects of 
single gene substitutions on the constants of allometry. The salient feature of 
the findings is the fact that the picture obtained of the genetic control of 
growth constants depends largely upon the particular structure studied. How- 
ever, in the appearance of extra structures, on the basis of limited data, one 
relationship does appear to stand out: in some systems gene substitutions 
alter the magnitude of the departure from wild type without changing the 
ratio of the percentage increase of character and body size. 

The differences in the various body regions in the relation between the mag- 
nitudes of slope and intercept in the different strains appear to be related to 
the nature of the phenotypic interactions. In those three cases agreeing in 
the relation between size and the number of extra chaetae, the picture of inter- 
action effects is somewhat similar: primary genetic effects are often additive, 
although the exact relation between phenotype and this additive effect prob- 
ably differs in the three cases. Such additive effects imply a similarity of gene 
action, although we are still in the dark as to what this similarity entails. 
Conversely, the non-additive interactions noted imply a regulation of the 
production of a given characteristic by different means. Such non-additive 
interactions are particularly prominent where the dorsocentral bristles and sex- 
comb teeth are concerned, and these same structures also showed an irregular 
relation between slope and intercept in the regressions. The question of a 
“pleiotropic” as compared with a “single” action of the factors studied has 
already been discussed. 

A great deal of work has been performed on the inheritance of quantitative 
characters, and criteria have been developed for attempting to distinguish 
between an arithmetic and geometric action of the factors involved (ef. 
CHARLES and SMITH 1939). Most of these studies have utilized plant material 
and have dealt with the interactions of large blocks of chromatin rather than 
single or a relatively few factors. The length of the life cycle and the paucity 
of genetic markers in most plants render a more precise approach difficult. 
Nevertheless, if the present data are indicative of the types of phenotypic inter- 
actions involved in the production of quantitative characters, then it seems 
to the author that in more complex cases relatively little light is shed on the 
nature of such inheritance by determining whether an unknown number of 
factors adhere more closely to a geometric than to an additive type of inter- 
action. Rather, the admittedly much more difficult analysis of the effects of 
single gene substitutions is in the end the approach which must be used. 
CASTLE (1941) has recently summarized the relatively few attempts to do this 
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for mammalian material. The results are fully as complicated as those reported 
here for Drosophila. 

HARLAND and ATTECK (1933) and MULLER and PONTECORVO (1942) have 
attempted to explain the appearance of aberrant characteristics in crosses of 
similarly appearing organisms with the suggestion that in related forms similar 
phenotypes may be the result of somewhat different genetic systems. The 
present data furnish several examples of the control of a similar phenotype 
by different factors, and departures from either parental form in derived types. 
Thus, at large sizes y Hw and se h are similar as regards the number of hairs 
on the second longitudinal wing vein and the number of teeth in the sex-comb. 
Yet the compound y Hw; se h has approximately six times as many wing hairs 
as either y Hw or se h, but significantly fewer sex-comb teeth. At this rate, 
fairly large phenotypic aberrations could be obtained in a cross where the 
parental forms differed by a relatively few factors. 

While it appears probable that “concealed genetic variability” of the type 
recently stressed by DopzHANsky et al. (1942) is the major cause of the 
phenomena of heterosis, a possible secondary role of factor interactions such 
as have been described above cannot be disregarded entirely. 


SUMMARY 


A study was made of the relation between body size and the number of five 
different kinds of chaetae present in Drosophila melanogaster males of the fol- 
lowing genotypes: wild type, pyd, seh, y Hw, y Hw; pyd, y Hw; se h, se h pyd, 
and y Hw; se h pyd. In each case the regression of number of chaetae on femur 
length is adequately represented on an arithmetic plot by a straight line. The 
five families of straight lines, each representing the relation of a particular 
kind of chaetae to size in the eight strains, show different relations of slope 
and intercept. In each of three families the various strains differ in respect to 
the magnitude of the intercepts of their regression lines, but the ratio of per- 
centage change in number of extra chaetae to percentage change in femur 
length remains constant within the limits of chance variation. In the other 
two families of lines much more irregular effects were noted. 

The apparent nature of the phenotypic interactions of the factors depends 
to a considerable extent on the fly size at which these effects are evaluated. 
In the same three cases mentioned above, the data can be interpreted as 
indicating that primary genetic effects are mainly additive, but that the sub- 
sequent relation of effect to phenotype is different in each case. In the other 
two cases no satisfactory scheme of factor interaction has yet emerged. 

Under poor food conditions male flies containing y Hw showed a sig- 
nificantly smaller reduction in mean fly size than did flies not containing this 
combination of factors. 

The relation of these findings to the problem of correlated growth is dis- 
cussed. 
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Atwoop, S. S., and J. T. SULLIVAN, U. S. Regional Pasture Research Labo- 
ratory, State College, Pennsylvania: Inheritance of a cyanogenetic glucoside and 
its hydrolyzing enzyme in white clover. Inbred lines were found which gave 
uniform o or + reactions to the picric acid test for cyanogenetic glucoside. 
An F, between o and + lines was + throughout, and the F, segregated 
351 (+) : 256 (0). By the chi-square test this ratio fits 9:7, suggesting two 
independent factors conditioning the presence of glucoside. The backcross (B), 
however, segregated 204 (+) : 295 (0), a ratio which doesn’t fit 1:3, expected 
on the same hypothesis. A test of separate families showed that some F; fitted 
3:1 better than 9:7, and all B fitted 1:1 or 3:5 better than 1:3. This would 
result if the original o parent was homozygous recessive for one factor and 
heterozygous for the other. Separation of the F, and B families on this basis 
gave a consistent fit throughout. An F; obtained by backcrossing 21 F; plants 
(all +) with their original o parent showed ten families segregating 3:5, six 
segregating 1:1, four segregating 3:1, and one with only + plants; the expected 
ratio was 8.9:5.1:4.4: 2.6. Subsequently in another cross chemical preparations 
of the glucoside and its enzyme were added separately to distinguish plants 
having only enzyme or only glucoside. A good fit to dihybrid ratios was ob- 
tained in most F; and B families, indicating that the independent factors pre- 
viously postulated were specific for the glucoside and its enzyme. Deviations 
from expected in some families suggested modifying genes. Part of the popula- 
tion also was segregating 3:1 for a factor conditioning white leaf markings; this 
gene was independent of those for glucoside and enzyme. 





Avery, A. G., and A. F. BLAKESLEE, Dept. of Botany, Smith College, 
Northampton, Mass.: Mutation rate in Datura seed which had been buried 39 
years. It was earlier shown that the mutation rate in Datura is greatly in- 
creased by the aging of seed when stored under ordinary laboratory conditions, 
the increase being about 1 percent for each year of aging up to nine or ten years, 
beyond which time the seed failed to germinate. A comparable increase in rate 
of mutation was not found in plants grown from seed which had been buried 
in the ground. In 1902, seeds of a large variety of plants were buried near 
Washington as part of a germination experiment by the Department of Agri- 
culture. In 1941, 367 seeds of this 39 year old Datura material were sent us. 
They produced 358 seedlings or 97.5 percent germination. Their pollen showed 
that very few mutations responsible for pollen abortion had taken place. In 
the summer of 1942, F2 progenies were grown from 78 of these plants. Two of 
them showed segregation for pale-leaved types and one for a recumbent type 
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called “lazy.” One progeny segregated for a type which resembled the 2+ 15-16 
primary. This was found to have only the normal number of chromosomes and 
may thus be tentatively presumed to be due to a recessive mutation which 
with the other three gives a mutation rate of 5.1 percent. This is distinctly 
higher than that obtained from controls in our standard line but is much lower 
than from seed “aged” under laboratory conditions. 


BEERs, C. V., and W. G. SHULL, University of Southern California, Los 
Angeles, Calif.: Hemophilia, heredity and treatment. Treatment is successful 
in preventing the expression of genetic hemophilia. DR. EMERALD J. STEEN of 
Fullerton, California, states that the hemophilic medicine prepared from the 
egg white and potassium bromide formula of Drs. TImPERLEY and CLARK of 
SHEFFIELD UNIVERSITY, England, has been most successful in combatting this 
disease in the case of the propositus. The clotting time has been brought from 
60-90 minutes down to 10-15 min. In this family the manifestation of the dis- 
ease suggests the ratio expected for a mendelian sex linked character. There is 
no history of hemophilia in this family previous to the third generation, and the 
facts point to the probablity that the gene for hemophilia arose as a mutation 
in a woman of the second generation. The propositus, his brother, and two 
uncles are hemophilics. 





BERGER, C. A., and E. R. Wirxus, Fordham University, New York, N. Y.: 
A possible source of new evidence on the difference between mitosis and meiosis. 
In the periblem of root tips of spinach, in addition to cells having the 
normal diploid number of 12 chromosomes, larger cells are regularly found 
which are tetraploid or octaploid. This polyploid condition (polysomaty) 
arises by each chromosome reproducing itself twice during resting stage. The 
prophase of the first mitosis after such a double reproduction shows sister 
chromosomes closely paired and relationally coiled. Each of the paired chromo- 
somes consists of two chromatids and thus the pair is similar to a bivalent 
chromosome of meiosis. At later prophase as the paired chromosomes contract, 
a stage is reached similar in appearance to meiotic diakinesis and called 
“somatic diakinesis” by some authors. No chiasmata are formed, and the paired 
chromosomes at metaphase are completely separated from each other while 
retaining a definitely paired association. This paired chromosome condition is 
manifested only in the first mitosis after double chromosome reproduction. 
Polyploid cells which have undergone a complete mitotic cycle subsequent to 
attaining a certain degree of polyploidy do not show the paired chromosome 
condition at future mitoses unless another period of double reproduction occurs. 
A detailed comparative study of polysomatic prophases showing pairing and 
of meiotic prophase is being made in the hope of obtaining decisive evidence 
on some of the assumptions inherent in current theories of the difference be- 
tween mitosis and meiosis. 





BERGNER, A. D., and A. F. BLAKESLEE, Carnegie Institution of Washington, 
Cold Spring Harbor, N. Y., and Smith College, Northampton, Mass.: Geo- 
graphical distribution of chromosomal types in Datura metel. This species is 
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widely distributed throughout the warmer regions of the world. Type 1 is the 
only widespread chromosomal type including 50 of the 61 races studied: all 
those from the western hemisphere, the Hawaiian Islands, Turkey, and Africa. 
It is the predominant type east of 60° east longitude. It was not found in China 
or Japan. It is not linked with flower color (purple, lavender, yellow, white) 
nor with type of corolla (single, double). Of the four other, apparently endemic, 
chromosomal types, one came from northern India, one from Java, another 
from China, and the fourth from both Java and China. Types 2 and 3 are 
combined in cultivated races from China. All differ from type 1 by a single 
interchange between two non-homologous chromosomes. Inter se crosses show 
that only five chromosomes are involved in these interchanges, one chromo- 
some being involved in three and another in two interchanges. In D. séra- 
monium also not all chromosomes are involved in interchanges with equal 
frequency. Type 1 is probably the oldest from which the others were derived. 
Types 2, 3 and 5 appear to have arisen in white, single races; type 4 in a purple 
double flowered race. Distribution of races according to flower color is distinct 
in southeastern Asia and is independent of chromosomal type. It is also sug- 
gested in Africa. The absence of type 1 from China suggests that D. metel had 
spread to China after types 2 and 3 had originated. 


BozeMAN, M. L., University of Pennsylvania, Philadelphia, Pa.: Effects of 
irradiation on odcytes of Sciara. The odcytes of Sciara ocellaris develop 
almost synchronously. The first meiotic metaphase occurs at about 24 hours 
after eclosion of the adult female. Anaphase movement begins at about 27 
hours, is arrested at about 30 hours and begins again after fertilization. The 
eggs are laid at 55 to 60 hours. Adult females were irradiated at ages from 20 
to 55 hours after eclosion, and smears of the F; salivary gland were examined 
for induced aberrations. Sensitivity to irradiation is first detectable in larvae 
developing from eggs treated when the chromosomes begin to shorten and move 
to the metaphase plate. Sensitivity increases through metaphase and early 
anaphase, then decreases during the arrested stage. Just before fertilization 
sensitivity again increases. Distribution of “breaks” per cell is random, but 
recovered rearrangements are not randomly distributed among chromosomes. 
Aberrations found are: inversions, deletions, transpositions and repeats. Only 
one translocation was found among 116 aberrations. This deficiency of translo- 
cations might be expected, since the chromosomes are well separated during 
the first meiotic division. The occurrence of repeats is of special interest from 
the standpoint of the mechanism of rearrangement. The ratio of repeats to 
other aberrations is highest in prophase, lower in metaphase, lowest in early 
anaphase and slightly higher in later anaphase. The variation in sensitivity, 
the high frequency of intrachromosomal rearrangements and the unequal dis- 
tribution of types of aberrations when different stages of meiosis are treated 
indicate that rearrangement is not delayed until fertilization, but occurs 
shortly after irradiation. 








Carson, Hampton L., University of Pennsylvania, Philadelphia, Pa.: Cyto- 
logical analysis of natural populations of Sciara impatiens. 


Examination of 
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salivary gland chromosomes of the offspring from 157 wild females collected 
in the eastern United States reveals the following variations: (a) 12 inversions, 
(b) 13 small changes of the duplication-deficiency variety; apparently both 
types are distributed at random among the four chromosomes. Three in- 
versions are cytologically terminal and two hypothetical intermediate gene 
arrangements apparently involve the same condition. Six of the small changes 
appear to be terminal deficiencies, which may be homozygous, and several 
deficiencies have presumably arisen in conjunction with inversions. Most of 
the aberrations are widely distributed in the population, and none produces 
detectable phenotypic effects. Conditions in this species differ from those in 
S. ocellaris and S. coprophila in that numerous gross chromosome rearrange- 
ments are found, but agree with those species as regards frequency of small 
changes. With respect to the frequency of gross rearrangements, S. impatiens 
resembles Drosophila, but (like other species of Sciara) differs from the latter 
genus in the manifestation of numerous minute modifications. 


CREIGHTON, HarRiET B., Wellesley College, Wellesley, Mass.: Color pattern 
and doubleness in Petunia flowers———The proportions of colored and white 
tissue in flowers of certain diploid petunias changes during the outdoor growing 
season. Plants that have flowers in midsummer with small amounts of white 
have flowers in early fall with half or more of the corolla white. In conjunction 
with inheritance studies of this type of flower pattern a few studies have been 
made of the effects of mineral nutrient conditions and of different photoperiods 
on the expression of the character. Rooted cuttings from one plant were grown 
in well fertilized soil and in sand cultures where partial and complete defi- 
ciencies of nitrogen, phosphorus, potassium, sulphur, magnesium and calcium 
were obtained and a partial deficiency for iron, zinc, manganese and boron. 
At the end of six months the flower color patterns of plants in soil and in any 
of the sand cultures were indistinguishable, although the vigor of the plants 
had been markedly affected by the mineral nutrient supply. For an additional 
three months all plants in sand were given a nutrient solution with high nitro- 
gen and potassium. The vigor of the plants increased and with this the propor- 
tion of colored corolla tissue until almost all of the flowers were completely 
colored.——Photoperiods of eight hours and 16 hours followed by 16 hours and 
eight hours of darkness, respectively, had no effect on flower color pattern. 
Doubleness of flowers in certain tetraploid petunias seems to be controlled by 
two dominant genes. No plants homozygous for either gene have been found. 





Dove, W. FRANKLIN, ELIZABETH F. Murpuy, and RoBERT V. AKELEY, 
Biological Laboratory, Me. Agr. Exp. Sta., University of Maine, Orono, Me., 
and Bureau of Plant Industry, U.S.D.A., Beltsville, Md.: Varietal differences 
and inheritance of vitamins C and A in potatoes. By means of a rapid titri- 
metric technique for the determination of ascorbic acid, 22 varieties of impor- 
tant American commercial table varieties, 15 promising seedlings, 14 German 
and two wild varieties of potatoes were found to contain, soon after digging, 
30+.67, 29+.88, 30+.89, 22+2.38 mgms of ascorbic acid per 100 grams. 
Duplicate tests differed by 1.45 mgms; replicate plots by 3.1 mgms. Thirteen 
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varieties grown in two different localities gave an r of +.79+.07. Variety 
values ranged from 20+.70 for a seedling to 40+.40 for Voran. There ap- 
peared a multimodal distribution of ascorbic acid values. High and low varie- 
ties resulted from the same cross (Katahdin 35+.37 and Chippewa 23 +.20). 
The highest-testing seedling (40+.35) came from two high parents, Katahdin 
and Rural New Yorker (33+.96). High-testing parents tended to produce 
medium to high offspring. Medium-testing parents tended to produce medium 
to low offspring. One low-testing parent produced a low-testing F, seedling. 
Ascorbic acid values were not associated with tuber volume, shape, eye depth, 
starch content, or earliness. All pink-eyed and pink-skinned varieties, how- 
ever, were below 30 mgms in ascorbic acid values,—that is, 12 pink-eyed 
varieties (ten of which were pink-skinned) contained 26+.69 mgms, while 43 
non-pink contained 30+.53 mgms. Two varieties of known high vitamin 
A activity were among the lowest in vitamin C. The Golden variety and a 
seedling, both with relatively high carotene content, contained 22+.41 and 
20+.70 mgms of ascorbic acid respectively. Yellow flesh, sometimes indicative 
of carotene, was associated with both low- and high-ascorbic acid values. 








Ercst1, O. J., and LEonA SCHNELL, University of Oklahoma, Norman, Okla.: 
A comparison of colchicine treatment with a glycerine base and a water base. 
Two groups of seedlings of Vinca rosea (2n=16), 1000 in each group, were 
subjected to treatment with a 1 percent colchicine-in-glycerine and 1 percent 
colchicine-in-water, respectively. Two-thirds of each group were given five ap- 
plications, and one-third were given four applications by the brush method. 
Approximately 5 percent of the plants treated with colchicine-in-glycerine 
became tetraploid, whereas less than 1 percent tetraploidy resulted in those 
treated with colchicine-in-water. A higher percentage of chimeras occurred in 
the colchicine-in-glycerine treatment. There was a slightly greater mortality 
of the plants subjected to the colchicine-in-water treatment. A 1 per cent solu- 
tion of colchicine-in-glycerine proved more effective for the induction of poly- 
ploidy in Vinca. From a sampling of several hundred plants during the past 
four years, no naturally occurring tetraploids have been detected. 





Ercst1, O. J., and BARBARA TENNEY, University of Oklahoma, Norman, 
Okla.: Range of concentrations and number of applications of colchicine effective 
for the induction of polyploidy in Vinca rosea. Fifteen hundred seedlings of 
Vinca rosea (n= 8) were treated with colchicine in a glycerine base to determine 
which concentration of colchicine (1, 0.75, 0.50, 0.25, 0.1, 0.or percent) and 
how many applications (one, two, three, four, five spaced at 12 hour intervals) 
are most effective for the induction of polyploidy in this species. This method 
required 30 replicates of 50 seedlings each for treatment, and one series for 
controls. The seedlings were four weeks old and had two sets of leaves at the 
time of treatment. Opposite foliar arrangement facilitated the administration 
of colchicine by the brush method used in this study. Ten percent of the 








plants given five applications of 1 percent colchicine developed into tetraploids, 
the highest percentage of tetraploidy secured from any of the series. No tetra- 
ploids were detected in series with four applications or less of .5 percent, and 
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five applications or less of .25, .1, .o1 percent, respectively. The criteria of 
tetraploidy were stomatal and pollen sizes, verified, in some cases, by chromo- 
somal counts. Periclinal chimeras appeared in all the series except the five 
series treated with .o1 percent colchicine. Results indicate that five ap- 
plications of 1 percent colchicine in a glycerine base is the most effective; also 
that, within the limits of the series used, the concentration of the colchicine 
preparation and not the number of treatments is the more important factor 
in inducing polyploidy in seedlings of Vinca rosea. 





FANKHAUSER, G., and Rita C. Watson, Princeton University, Princeton, 
N. J.: The effectiveness of cold and heat as triploidy-inducing agents in sala- 
manders.——Refrigeration of salamander eggs beginning immediately after 
fertilization and lasting for from five to more than 24 hours produces a high 
proportion of triploid larvae. In amphibian eggs, the second maturation divi- 
sion is arrested in metaphase until fertilization occurs; the treatment presum- 
ably prevents it from resuming its normal course. Temperatures from o° to 
+4°C seem to be most effective and have produced from 44 percent to 80 
percent triploid larvae in three species of salamanders. In Triturus viridescens, 
eggs of certain females actually gave 1oo percent triploid larvae, and tempera- 
tures as high as +5.5° and +6.4°C still produced 35 percent and 23 percent 
triploids, respectively ——Last spring 113 freshly fertilized eggs of Triturus 
viridescens were exposed to temperatures ranging from 34.2° to 37.2°C, for 
from five to more than 50 minutes, and raised at room temperature. Sixty-two 
(54.9 percent) of the treated eggs developed into larvae. Of these 49 (79 per- 
cent) were found to be triploid, the rest diploid. The shortest heat treatments 
which produced triploid larvae were five minutes at 37° and eight minutes at 
36°C. The lowest effective temperature was 35°C. The rate of mortality 
among the treated eggs and the percentage of triploid larvae obtained in these 
heat experiments compare favorably with the results of refrigeration experi- 
ments. Both heat and cold are much more effective polyploidy-inducing agents 
in salamanders than in plants, probably because it is possible to treat all the 
eggs in exactly the same stage of meiosis and during a period when the chromo- 
some movements are completely suspended. 





Fano, U., Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: 
Neutron-induced lethals in Drosophila. An experiment was carried out to 
provide additional information on the production by neutrons of genetic 
changes in Drosophila melanogaster sperms. Wild type males were treated with 
approximately 600 and 1200 neutron units from the CoLuMBIA UNIVERSITY 
cyclotron, and their offspring were tested for dominant and recessive lethals. 
One neutron unit is energetically equivalent to about 2.5 r X-rays. The fre- 
quency of dominant lethals was found to be approximately 73 percent and 96 
percent for the two treatments; the same effect is produced by about 3000 and 
6000 r X-rays, respectively. Thus the ratio between the energies delivered to 
tissue by X-ray and neutron doses having equal dominant lethal effect ap- 
proaches 2; the value 1.5 was reported previously for this ratio by DEMPSTER. 
Among the offspring of 170 males treated with 1200 units, 998 C/B tests were 
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performed, yielding 60 recessive lethals; this frequency agrees with that re- 
ported by ZimMER and Timoreerr-Ressovski. No “grouping” of lethals was 
observed in the offspring of individual males, failing to confirm the report of 
Nacar and Locuer. All but one of the lethal-bearing chromosomes were 
further tested genetically and cytologically. Only two chromosomes were 
clearly shown to carry two separate lethals, a coincidence that may be at- 
tributed to chance; this finding does not agree with the report by NisH1NA and 
MorriwakI of significant “grouping” of lethals in individual chromosomes. 
Genetic analysis indicates that more than 30 percent of the recessive lethals 
are associated with gross chromosomal rearrangements. According to partially 
completed cytological analysis, this estimate may be slightly increased; no as- 
sociation of lethals with minute deficiencies has thus far been revealed. 


GoopaLeE, H. D., Mount Hope Farm, Williamstown, Mass.: New extreme 
variants in a selection experiment. Continued selection confined to a stock 
originating in one mouse with a few white hairs on its forehead and four self- 
colored females brought a slow increase in head white accompanied in later 
generations by white on the extremities and belly. After some 22 generations, 
mice appeared resembling piebalds but breeding differently, rarely having 
“piebald” children. Judging by past experience, a slow increase in the propor- 
tion of “piebalds” may be expected in future generations accompanied by new 
extremes.—— Extreme variants are rare, and only a small proportion reproduce 
themselves or produce new extremes. Selection, if it is to be effective in chang- 
ing characters, must be on a scale in each generation sufficient to discover the 
few extremes which beget new extremes. 





GoopricH, H. B., R. W. Harrison, N. D. JosEPHSON, and J. P. TRINKAUS, 
Wesleyan University, Middletown, Conn.: Three genes in Lebistes reticulatus. 
——tThese genes of the “guppy,” Lebistes reticulatus, are all autosomal reces- 
sives to the wild type. Two, Blond and Golden, produce fish which are lighter 
in color than the wild type. In Blond the melanophores are as numerous as in 
wild but are smaller and of two types: one more deeply located is very small 
and is apparently relatively inert; and the second is more superficial, is deli- 
cately branched, and is physiologically more responsive. In Golden (which 
may be Fredlini of Haskins and DrvuzBa) the melanophores are large and 
similar to those in the wild type but only about half as numerous and are 
irregularly distributed. Xanthophores are well developed in this type. The 
double recessive is “Cream” in which the melanophores are almost entirely 
absent. The third mutant is a skeletal deformity “Hunchback” which is 





present at birth. It is an autosomal recessive and is not linked to Blond. In a 
dorsoventral twist of the backbone the number of vertebrae remain constant 
but they are badly deformed. Chemical analysis shows an excess of calcium. 
The bent region is the last to calcify. Deformation appears to be due to mal- 
formation or malfunction of muscular and connective tissue elements. A 
second, later maturing, type of hunchback has been found, but the mode of 
inheritance is obscure. 
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Gorpon, Myron, New York Zoological Society, New York: Frequencies of 
seven dominant genes in natural populations of Platypoecilus maculatus and 
experimental evidence of a multiple allelic series. On the basis of 860 Mexican 
Platypoecilus maculatus from Rio Jamapa, 3492 from Rio Papaloapam, 115 
from Rio Coatzacoalcos, and 518 Guatemalan specimens from Rio Usumacinta, 
the distributions of frequencies of seven genes have been determined. The 
genes concern a series of black patterns which appear in the posterior part of 
the fish’s body: one-spot, P°?; moon, P”; moon complete, P*; crescent, P°; 
crescent complete, P°*; comet, P©?; and twin-spot, P?. All appear in the 
Papaloapam populations; P° is missing from Coatzacoalcos, P” and P™” are 
absent in Jamapa, and P™¥*, P®, PC, and PT are not present in Usumacinta. 
In addition to the seven single units found, there were 17 double but no 
triple or more complex combinations. This suggests the presence of a series of 
multiple alleles. Some of the members of the Rio Jamapa and Papaloapam 
populations were tested genetically in the laboratory and a series of seven 
dominant, multiple alleles was confirmed. When this P. maculatus series 
was tested by hybridization with Xiphophorus hellerii, only P©® was found sub- 
ject to a specific modifying gene, E. The combination of P°? of P. maculatus 
and E of X. hellerii blackens all the fins and snout (Himalayan rabbit pattern). 
P° E is not neoplastic, since these patterns are composed entirely of micro- 
melanophores. 

















GowEN, JOHN W., and Ronatp H. NEtson, Iowa State College, Ames, 
Iowa: Genetic constitution of the mother as a means of predetermining the sex of 
the progeny. Predetermination of the sex of individual progeny and the 
sex ratio has been possible for the female sex through the control of the genetic 
constitution of either the father or mother. Our own work now shows that a 
similar sex prediction may be made for the male sex through a knowledge of 
the mother’s genotype. A gene or gene complex in the left arm of the third 
chromosome of Drosophila melanogaster when incorporated into the mother’s 
genotype leads to the production of all male progeny. In some instances the 
progenies from such mothers may total 200 males and no females. In some- 
thing over 600 matings, covering a period of ten generations from the original 
parents, male producing phenotypes have always occurred when expected. 
Females carrying this male producing genotype have all male progeny without 
regard to the males to which they are bred. The gene thus acts as a dominant. 
In the male the gene in the heterozygote is without phenotypic effect. 








HOLLANDER, W. F., Carnegie Institution of Washington, Cold Spring Har- 
bor, N. Y.: A possible case of directed mutation in the pigeon. Male pigeons 
heterozygous for the dominant sex-linked “almond” color factor and its lowest 
recessive allele “brown” regularly show mosaic areas of the “brown” color and 
others with black pigmentation (wild type or other allele). Males heterozygous 
for “almond” and wild type show mosaic areas with black pigment but never 
with “brown.” The same is true for “almond” females (hemizygous sex). 
Evidence presented earlier by HOLLANDER and COLE indicates that “almond” is 
highly mutable, rather than that somatic loss or crossing over is involved. If this 
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is true, the mutation process seems strongly directed by the other allele present. 


Hott, F. B., J. H. BRuckNER, R. K. Cove and R. F. Batt, Cornell Uni- 
versity, Ithaca, N. Y.: A critical test of strains of fowls bred for resistance to 
lymphomatosis. Neoplasms of different kinds, mostly lymphomatosis, cause 
almost half of the prevailing high mortality in poultry flocks. Over a six-year 
period, three different strains of White Leghorns have been bred, two of which 
are comparatively resistant to neoplasms, the other highly susceptible. Egg 
production, body size, and egg size were also improved during the experiment, 
but resistance to neoplasms was the major consideration. More than g5 percent 
of the birds succumbing to neoplasms had lymphomatosis or some other form 
of the “avian-leukosis complex.” In 1941-42 these three strains were tested 
against samples from four different flocks of White Leghorns, none of which 
had been selected for resistance to neoplasms, though all had been improved 
with respect to egg production. The samples were introduced as day-old chicks 
and thereafter were mixed at random with chicks of the resistant and suscepti- 
ble strains. The measure of susceptibility was the proportion in each line dying 
of neoplasms up to 500 days of age. In all four of the stocks introduced for the 
test, the incidence of neoplasms was higher than in the two resistant strains. 
In comparison with the susceptible strain, two of the introduced strains had 
fewer losses from neoplasms, but two had slightly more. Egg production in the 
two resistant strains was higher than in any of the four introduced stocks, and 
the production-index, or number of eggs laid per pullet housed, was much 
higher in the strains bred for resistance than in the others. These results show 
the possibility of reducing the currently disastrous losses from this disease by 
breeding resistant strains. 








Ives, P. T., Amherst College, Amherst, Mass.: Heterogeneity in the lethal 
mutation rate within a wild population of Drosophila melanogaster. Lethal 
mutation rates were observed in control and temperature shocked series in 
lines of wild type flies derived from each of ten second chromosomes collected 
five generations earlier in central Florida. Temperature shock did not signifi- 
cantly affect the rate in any line. Considered together with earlier data this 
suggests a possible difference in shock effects on the rate of lethal mutations 
and on the rate of visible mutations. In both control and shock series of the 
present study, two of the lines showed significantly higher rates than did the 
others. These rates were 26 lethals in 350 tests and eight in 235, respectively; 
while in the other eight lines together the rate was 13 in 1487. The probability 
of difference between each of the high lines and the group of others is greater 
than .g9, and of difference between the two high lines is .95-+. This suggests 
that the population is heterogeneous for genetic factors influencing the lethal 
mutation rate. Lethal rates were similar in eggs and sperm, in contrast to 
AUERBACH’s data for sex-linked lethals. Preliminary tests on four of the lines 
with net 6 cn sp show crossing over considerably reduced in the spindle-fiber 
region of the highest line, an inversion in the left arm of the second high line 
(no crossing over observed in the left arm), and normal crossing over in two of 
the other lines. 
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Jones, D. F., Connecticut Agricultural Experiment Station, New Haven, 
Conn.: Growth changes associated with chromosome aberrations. Paired red 
and dark purple areas in the endosperm of light colored maize seeds show out- 
growths in less than one percent of the color alterations. In 111 cases examined 
so far, no deviations from normal growth accompany the loss or exchange of 
both Bi and Pr. Since Bi is close to the centromere and Pr near the middle, 
changes that include both gene markers involve a loss or exchange of almost 
the entire right arm of the number 5 chromosome. If the increased growth were 
due to the uncovering of recessive growth regulators or the accumulation of 
dominant growth stimulators, all or nearly all, of the color changes which in- 
clude both markers would be altered in growth. Since none of them are, some 
thing other than normal gene action is involved. The progeny from these 
mosaic seeds shows no unusual deviation from normal. Growth changes of this 
kind are lethal in embryos but survive when surrounded and nourished by 
normal tissue and furnish a basis for understanding the appearance of spon- 
taneous neoplasms in other organisms. 





Kauss, N., and T. RoBERTsSON, Cornell University Medical College, New 
York, N. Y.: Spleen transplantation relationships among two inbred lines of mice 
and their F, hybrid ——Transplantation experiments with normal tissues in 
inbred lines of rats, mice, and guinea pigs, and spontaneous neoplasms (breast 
carcinoma, leukemia) in inbred lines of mice, have led to the following generali- 
zation. Grafts from F; hybrids will grow in related F,; animals, but not in either 
parental line. Grafts from parental lines will grow within the line of origin and 
in F; hybrids, but not in unrelated lines. An exception was found by 
SCHWEITZER and FurtH for spontaneous leukemias arising in F; hybrids of the 
inbred Ak (high leukemia) and Rf (low leukemia) lines of mice. These F; 
leukemias behaved like leukemias of the Ak line. They could be transplanted 
equally well into the Ak line and related F; hybrids, but not into the Rf line. 
It was of interest to determine whether for these lines the behaviour of 
normal F; tissue transplants would differ from the usual pattern. Splenic 
fragments from sublines Aki and Rfe and their F; hybrids were implanted into 
the ventral abdominal wall, or peritoneal cavity. At least five hosts were used 
for each experiment. We find the same relationships hold in this case as for 
tissue transplantation in other animals. Normal F; spleen will not grow in the 
Aki and Rfe lines, but will grow in related F; hybrids. Ak1 and Rfe spleens will! 
grow within the line of origin, and in the F), but not in the unrelated line. These 
experiments therefore demonstrate a difference in transplantation pattern 
between a neoplasm and a normal tissue. 








Kauiss, N., and M. D. ScHwe1tTzerR, Cornell University Medical College, 
New York, N. Y.: Hereditary hemorrhagic diathesis a case of partial sex- 
linkage in man?——Hereditary hemorrhagic diathesis generally is character- 
ized by purpura and prolonged spontaneous bleeding from the nose, uterus, 
and mucous membranes. It may occur at all ages in both males and females. 
The disease is rare. It is transmitted chiefly as a dominant in heredity, but may 
at times behave like a recessive. The concept of partial sex-linkage (first 














ABSTRACTS 79 


worked out for human traits by HALDANE) is based upon the cytological 
demonstration of homology between portions of the X and Y chromosomes in 
mammals. Genes located in the homologous regions should be incompletely 
linked with sex. The statistical distribution of a partially sex-linked trait with 
respect to sex in the offspring would be determined by whether the factor is 
carried in the father’s X or Y chromosome (that is, whether he inherited the 
trait from his mother or father). Only the progeny of affected fathers are suit- 
able for analysis. Our data are derived from go sibships (16 pedigrees). 
For the children of affected grandmothers (recombination class: affected sons 
plus normal daughters) the crossover value is 23.5 per cent (4/17). Where the 
grandfather was affected (recombination class: normal sons plus affected 
daughters) the value is 40.0 percent (16/47). The combined value is 34.1 per- 
cent. The sex ratio for all classes is 35c’:292 (chi-square, 0.563). These re- 
combination values deviate in the right direction for assuming partial sex- 
linkage. 





KAUFMANN, B. P., Carnegie Institution of Washington, Cold Spring Harbor, 
N. Y.: An exceedingly complex chromosomal rearrangement. The number of 
points of breakage (and potential breakage) induced within the chromosomes 
of a single nucleus following irradiation of the sperm of Drosophila melano- 
gaster may be much larger than was anticipated on the basis of the complexity 
of previously observed rearrangements. Analysis of several thousand pairs of 
glands had revealed a preponderance of the two- and three-break rearrange- 
ments, with only a few of the more complex, of which a single 14-break case 
represented the extreme. Recently, however, a rearrangement involving at 
least 32 breaks has been discovered. The positions of 30 of these have been 
determined; others, restricted to proximal heterochromatic regions, remain of 
uncertain location. Of the identifiable breaks, six are in the X, three in IIL, 
five in IIR, three in IIIL, 12 in IIIR, and one in the fourth chromosome. Aside 
from its great complexity, this rearrangement is of particular interest because 
of the accumulation of breaks in IIIR. The probability of such a distribution 
on a chance basis alone is very small. In the light of this information, other 
data concerning break distribution in complex rearrangements have been re- 
examined, and these likewise suggest the same non-random distribution. Many 
implications are apparent and recommend a new appraisal of the factors in- 
volved in the production of these complex rearrangements. The problem will 
be considered in detail in another publication. 





LaMoREUxX, W. F., and F. B. Hurt, Cornell University, Ithaca, N. Y.: 
Genetic resistance to deficiency of riboflavin in the chick. Strains of White 
Leghorns relatively resistant or susceptible to a deficiency of riboflavin have 
been developed. Resistance was measured by the ability to survive and to gain 
in body weight during the first few weeks after hatching while the chicks re- 
ceived a diet deficient in riboflavin, but adequate with respect to all other 
known nutritive requirements. The records of the individual, its siblings, its 
half-siblings, and of its progeny, if any, have been considered in selecting birds 
for breeding. In the fifth generation 191 chicks in the resistant strain made 
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an average gain in weight of 62 grams to five weeks of age. This gain was 36 
percent greater than that attained by 50 chicks of the susceptible strain, and 
II percent greater than that among 39 control chicks. During the same period 
only 9 percent of the chicks from the resistant strain died, whereas 29 percent 
of those from the susceptible strain, and 36 percent of the controls were unable 
to survive on the experimental diet. That females are more resistant to a de- 
ficiency of riboflavin than are males was shown by the fact that among chicks 
from the resistant strain 13 percent of the males, but only 6 percent of the 
females, died while receiving the deficient diet. 


LeBEDEFF, G. A., University of Puerto Rico, Agricultural Experiment Sta- 
tion, Rio Piedras, P. R.: Inheritance of hard-seed production in common beans 
(Phaseolus vulgaris). The seeds of 36 selections of common white beans 
were dried over CaCl, to ten different moisture contents, ranging from 14.11 
to 5.59 percent. With each reduction in the seed moisture content the per- 
centage of hard seeds increased while the rates of their softening slowed down. 
Individual selections differ greatly in their response to drying of seeds, the 
differences in some instances were large and conspicuous, in other instances 
they were small but persistent. Some selections developed greater percentages 
of hard seeds than others, and in some selections the hard seeds softened 
readily when germinated, while in others they remained hard for a long 
time. Statistically very significant correlations were found between the 
percentages of hard seeds in all 36 selections on any day of any two germina- 
tion tests, irrespective of the season in which they were grown, age of the seeds, 
their viability, and the seed moisture content. This indicates that the ability 
of the individual selections to respond in a certain way in regard to hard seed 
production is inherited. The hard seed production of the F; seed generation 
in several cases was intermediate between that of the parental selections; in 
one cross it was intermediate only during the first seven days of germination 
test; and in another cross the rate of softening of the hard seeds of the F, seed 
generation was considerably lower than in either of the parental selections. 











LERNER, I. MICHAEL, University of California, Berkeley, Calif.: The failure 
of selection to modify shank-growth ratios of the domestic fowl. Previous in- 
vestigation has established the existence of a uniform pattern of growth of the 
tarsometatarsus relative to body weight in different breeds of chickens. How- 
ever, some variation between individuals was observed. This suggested the pos- 
sibility that within the limits of the specific growth-pattern, genetic variation 
in growth-ratios may still be present. Hence, progeny testing of birds originat- 
ing from a Leghorn X Rock cross and selection for respectively high and low 
shank-growth ratios (a) were inaugurated. The a@ values for individuals were 
obtained from least squares solutions of the equation shank length=)d 
X body weight’, using five weekly weighings and measurements (four to eight 
weeks of age). At the end of four generations of progeny-test selection involving 
320 offspring the high @ and the low a lines did not differ from each other. It 
may then be concluded that the genetic variability of the relative growth pat- 
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tern in the stock used is either non-existent or is so low as to preclude its dem- 
onstration by the methods of selection in opposite directions employed here. 
This supports the hypothesis previously advanced that the stocks of chickens 
investigated belong to the same heterauxetic tribe. 


LINDEGREN, CaRL C., and GERTRUDE LINDEGREN, Washington University 
and Anheuser-Bush, Inc., St. Louis, Mo.: Legitimate and illegitimate mating in 
Saccharomyces cerevisiae. WINGE and LaustTsEN showed that in Sac- 
charomyces cerevisiae each ascus contains four spores which produce haploid 
gametes that mate freely among themselves. They found that matings between 
gametes originating from the same single ascospore produce zygotes of some- 
what smaller size, and cultures of this origin produced ascospores of very low 
viability. They concluded that degeneration resulted from homozygosis of 
dysgenic hereditary factors. We have reached a different conclusion, for in our 
experiments degeneration in spore viability did not occur after five generations 
of inbreeding. Each generation was originated by cross-breeding two gametes 
from different ascospores, but both ascosopores had developed in the same 
ascus. We have concluded that segregation of different mating type genes oc- 
curs in the ascus and that each ascus contains ascospores of different mating 
types. Matings between two individuals which properly complement each 
other as to mating type are necessary to give fully vigorous fertile zygotes 
capable of producing four-spored asci containing viable ascospores. An illegiti- 
mate mating between haploid cells of the same mating type produces a de- 
generate form. Degeneration is specific and arises primarily from homozygosis 
of mating type alleles rather than homozygosis of other random dysgenic fac- 
tors. Illegitimate matings produce diploid zygotes homozygous for mating 
type alleles which differ from the normal heterozygous diploid form in the 
following characters: (1) Vegetative cells are usually smaller and round rather 
than large and ellipsoidal. (2) Ascospore production is markedly diminished. 
(3) Ascospores are generally non-viable. (4) Ascospores are generally smaller in 
size. (5) Asci are one- and two-spored in contrast to the heterozygous cultures 
which contain numerous four-spored asci. (6) The total amount of growth is 
generally smaller. 





LinpstrRoM, E. W., Iowa State College, Ames, Iowa: Experimental data on 
the problem of dominance in quantitative character inheritance in maize and 
tomatoes. Using paired, randomized plantings of F;-F; and of F2-F; genera- 
tions, the mean values of maize earliness (tasseling and silking dates) and of 
tomato fruit size were obtained. In contrast to the usual decrease of means 
with successive inbreedings, these characters showed an increase. In four 
crosses of maize inbreds the F, mean was significantly ‘larger’ (later) than the 
F,; and in another cross the F; was later than the F2 mean. In one tomato cross 
(Yellow Cherry X King Humbert) the F, mean fruit weight was larger than the 
F, mean. These results may be explained on the hypothesis of a dominance in 
genes for small size, the case in maize being interpreted as dominance in fewer 
days to flowering. For genes with no dominance and with either additive or 
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geometric interaction no significant change in mean values would result from 
successive generations of inbreeding. Certain forms of epistasis or other factorial 
interactions are not ruled out as partial explanations of such results, but until 
these interactions are actually proven to exist, the hypothesis of dominance, 
whether dominance for small or for large size, would seem to be effective in 
explanation of quantitative character inheritance. The universality of domi- 
nance for large size in characters showing heterosis is reflected in the usual de- 
cline in mean size of F; and F;. Data on this point involving ear characters of 
maize are included. 


MARENGO, N. P., New York University, New York, N. Y.: The effect of the 
gene abdomen rotatum on the development of Drosophila melanogaster ——Ob- 
servations on the development of normal and genetically rotated individuals 
demonstrate the existence of certain puparium characters offering reliable 
means of identifying genetically rotated prepupae many hours before actual 
rotation occurs. These are (1) the persistence of marked segmental constric- 
tions in the puparium which are lost in the hardening of the normal puparium; 
(2) a deeply marked constriction near the posterior end of the puparium just 
anterior to the spiracles; (3) a marked bulging of the lateral abdominal wall 
between the attachments of the lateral dorso-ventral muscles in the segments 
just anterior to the posterior constriction; (4) transverse ridges of a distinctly 
abnormal character. All puparium abnormalities described are symmetrical in 
nature and appear before actual rotation, which is the first indication of any 
asymmetry in development.——Rotation was observed to coincide with the 
termination of the prepupal period and the movements attendant on prepupa- 
tion. Torsion of the internal abdominal organs in the pupae is in the same 
direction and of the same degree as rotation of the external pupal segments. 
—— Evidence suggests that the persisting larval muscles in the abdominal 
region are responsible for the prepuparial abnormalities and may also be in the 
same way involved in the development of the rotation. The adult muscles play 
no part in the development of the rotation. 


Mirsky, A. E., and A. W. PoLuisteR, Hospital of the Rockefeller Institute 
and Columbia University, New York: Nucleoproteins of chromosomes.—We 
have prepared nucleohistones from nuclei of so many different cells, plant as 
well as animal, that histone (defined by its basic isoelectric point and by 
presence of tyrosine and absence of tryptophane) may now be considered as 
nearly a universal nuclear constituent as desoxyribose nucleic acid. All desoxy- 
ribose nucleic acids examined contain the purine and pyrimidine nucleosides in 
equimolar quantities—a definite restriction on possible variations in these nu- 
cleic acids. Variations in the histones of different species can be recognized by 
differences in amino acid content. A clear and decisive answer can now be given 
to the question of whether there are also variations in chemical composition 
of the chromosomes of different tissues of the same organism. Comparison of 
nucleoproteins prepared from chromosomes of mature sperm, immature gonads, 
erythrocytes and liver of Salmo salar and Salmo fario show definite differences 
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in the nature of the basic proteins. Nucleoprotein of mature sperm contains 
protamine (defined by its extremely high nitrogen content, small molecular 
size and absence of both tyrosine and tryptophane) and no histone, whereas 
nucleoproteins of erythrocytes and liver contain histone and no protamine. 
In nucleoproteins prepared from the immature gonad both histone and prota- 
mine are present. When comparing nucleoproteins prepared from erythrocytes 
and mature sperm the problem of cytoplasmic impurities does not arise, be- 
cause the preparation is made from isolated chromosomes of the erythrocytes 
and because in the sperm used well over go percent of the cell substance is in 
the sperm head. The transition from histone to protamine that occurs during 
spermatogenesis of the salmon shows that if these basic proteins are indeed 
part of the germinal material, the relatively simple constitution of the prota- 
mine suffices to transmit the properties of the gene. 


MULLER, H. J., Amherst College, Amherst, Mass.: Mutation rate dependent 
on the size of the X chromosome-——A gene m, causing higher mutation rate 
than its allele, will tend to be selectively eliminated only to the extent that the 
resulting abnormals—that is, descendants phenotypically manifesting muta- 
tions induced by m—also receive m itself. Every additional generation, after 
F,, intervening between origination and manifestation of the mutations so in- 
duced, halves (approximately) the chance of the abnormal individual’s re- 
ceiving m and correspondingly reduces the selection against m. Dominant mu- 
tants, being manifest in Fj, are relatively efficient (dominant complete lethals 
100 percent efficient) in working for elimination of m, but there seem far fewer 
dominant than recessive gene mutations attaining a given high or moderate 
grade of inviability or infertility. Autosomal recessives, however, usually mani- 
fest themselves so long after their origination that their effectiveness in causing 
elimination of m is negligible for present purposes. But sex-linked recessives are 
comparable with autosomal dominants in promptness of manifestation, and 
where (as probably in Drosophila melanogaster) decidedly harmful sex-linked 
mutations considerably outnumber corresponding autosomal dominants, the 
former must play the chief role in the elimination of m, and thus in the de- 
termination of the equilibrium mutation rate of the population. Since elimina- 
tion of m genes is faster, the greater the number of sex-linked mutations they 
induce, other things being equal, those species which have more of their genes 
sex-linked will have had more effective selection against high mutation-rate 
genes and will have attained a correspondingly lower “normal” mutation rate. 
Formulae for the relations (giving almost inverse proportionality of mutation 
rate to size of X) are presented. Preliminary reported evidence of other authors 
indicates pseudoobscura, with its double-size X (active regions), to have about 
half the melanogaster mutation rate. Haploid sexes or generations would lead 
to minimal mutation rates. 


Myers, W. M., U. S. Regional Pasture Research Laboratory, State College, 
Pa.: The effects of inbreeding upon meiotic irregularity in plants of Dactylis 
In Dactylis glomerata, a naturally occurring autotetraploid 





glomerata. 
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(x=7), chromosomal association and behavior during meiosis was studied, 
using five to 20 inbred (I) plants from the progenies of eight clones known to 
differ significantly in meiosis. The plants in each progeny segregated for quad- 
rivalent frequency per sporocyte. In each of six progenies, the average number 
of quadrivalents for the inbred plants was nearly identical with the value for 
their parents, values for progeny and parent respectively being 4.08-4.09, 4.04— 
4.06, 3.99-3.92, 3.98-3.95, 3-80-3.79, and 3.50-3.50. In two progenies, quad- 
rivalent frequency increased significantly with inbreeding: 3.50-3.04 and 
3-66-3.00. In all families the inbreds averaged higher than their parents in 
percentage of metaphase I with univalents (6—3, 10-5, 12-4, 12-4, 13-6, 30-14, 
33-9, 42-24), anaphase I with lagging univalents (9-4, 12-7, 17-5, 22-7, 25-8, 
43-26, 46-29, and 58-28), and quartets with micronuclei (13-4, 13-5, 15-4, 
21-11, 38-13, 46-22, 49-35, and 52-28). The frequency of half-chiasmata per 
chromosome was obtained for two families. In one with 20 I, plants, the aver- 
ages of I, and parent, respectively, were 1.71 and 1.78. This progeny was identi- 
cal with its parent in average quadrivalent frequency (3.50). In the other 
progeny with six I, plants, the average chiasma frequency of progeny and 
parent was 1.82 and 1.77, while the number of quadrivalents was 3.66 and 3.00. 





NEEL, JAMES V., Dartmouth College, Hanover, N. H., and Columbia Uni- 
versity, New York, N. Y.: Factor interaction and the relation of chaetae number 
to size in Drosophila melanogaster males homozygous for Hw, h, pyd, and the 
combinations of these factors. Wild type, se h, pyd, y Hw, y Hw;pyd, y 
Hw,;se h, seh pyd, and y Hw;se h pyd D. melanogaster males were studied as to 
the relation between fly size (measured by femur length) and the number of 
dorsocentral bristles, number of teeth in the right sex-comb, number of scutel- 
lar bristles, number of scutellar hairs, and number of hairs on the right second 
longitudinal wing vein. In each case the regression of chaetae number on fly 
size was adequately represented by a straight line on an arithmetic plot. The 
last three characteristics mentioned showed reasonable agreement with the 
hypothesis that the ratio of percentage increase in the number of super- 
numerary chaetae to percentage increase in femur length was closely similar if 
not actually identical in all genotypes, while the first two characteristics 
showed no such constancy.——In previous work on the interaction of these 
factors, an accurate evaluation of gene effects had been impossible in view of 
the mean size differences between the various strains under favorable food 
conditions. The derivation of the regression equations made it possible to esti- 
mate chaetae number at a size common to all flies. The exact quantitative 
picture of factor interaction was then found to differ according to the kind of 
chaetae under observation. With respect to the last three characteristics men- 
tioned above the data can be interpreted as indicating that primary genetic 
effects are for the most part additive, but that the subsequent relation of 
genetic effect to phenotype is different in each case. In the other two systems 
less regular effects, thus far not fitted into any relatively simple scheme, were 
encountered. 
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OLIVER, C. P., and R. C. ANDERSON, University of Minnesota, Minneapolis: 
Infertility due to sperm non-motility in a female of Drosophila melanogaster. 
Glossy females, an allele of lozenge, are very infertile and lack spermathecae 
and parovaria; the ventral receptacles seem normal. Glossy females were 
mated to normal males, then isolated for periods of time at 24 hour intervals 
and dissected, and the ventral receptacles were examined for sperm. Normal 
females were treated similarly. Glossy females showed a smaller average initial 
number of stored sperm than did the controls. Sperm retained their viability 
in control females, as indicated by sperm movement, over the eleven-day 
period, the percentage of females with motile sperm in the ventral receptacle 
ranging from 93 to 100 through the test period. Glossy females showed a 
gradual daily decrease in the percentage of females with motile sperm, ranging 
from 100 on the first day to 16 percent on the sixth day and o by the seventh. 
The results agree with the known breeding data in which glossy females pro- 
duce approximately ten offspring per breeding female, and they occur within 
the first two days after copulation, although eggs are produced in abundance 
throughout the test period. Sperm become inviable or non-motile in the ventral 
receptacle of the females within at least 48 hours. Glossy females which were 
mated a second time, on the eleventh day produced offspring again; and in 
contrast to controls, the new offspring were only from the second sperm 


supply. 





PappocKk, ELTon F., Ohio State University, Columbus, Ohio: The backcross 
transmission of an inversion in an interspecific hybrid of Solanum. Solanum 
Douglasii Dunal and S. nodiflorum Jacq. are diploids (2n= 24) of the S. nigrum 
polyploid complex. Meiosis in their hybrid when Douglasii is female is nearly 
regular, having a mean of 11.8 bivalents per P.M.C. (126 cells analyzed). 
Bridges with corresponding fragments seen at AI and AII in P.M.C. indicate 
heterozygosity for at least one inversion. No such configurations were found in 
P.M.C. of 14 plants from pollinating the hybrid by Douglasii. Of 15 plants 
from pollination by nodiflorum, 11 did show such configurations, three showed 
bridges but not confirmatory fragments, and one showed neither bridges nor 
fragments. To explain these facts, it is hypothesized that the nodiflorum mem- 
ber of the chromosome pair involving the inversion bears a gene which reacts 
with the Douglasii cytoplasm of ovules which receive it in the hybrid to prevent 
their functioning. Crossing over between this gene and the inversion could 
account for the absence of the inversion in heterozygous state in the excep- 
tional nodiflorum backcross plant. The occurrence of bridges and fragments at 
AIT is evidence that crossing over may occur proximally to the inversion with 
disparate relationship to chiasmata within the inversion. A configuration 
showing two bridges and two fragments at AII (one of each between each set of 
separating nuclei) constituted evidence that at least three simultaneous 
chiasmata may form in a single pair of chromosomes. The maximum observable 
number per normal bivalent at diakinesis or later stages is two due to early 
complete terminalization in these species. 
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Po.uisTER, A. W., and A. E. Mirsky, Columbia University, and The Hos- 
pital of the Rockefeller Institute for Medical Research, New York, N. Y.: 
The isolation of chromosomes from resting nuclei. From the blood cells of 
salmon, carp, and fowl the chromosomes can be isolated by the following 
method. The cells are washed repeatedly with isotonic sodium chloride. The 
washed cells in suspension in the saline are then finely minced in a high speed 
mixer (Waring Blendor), and the fragments are sedimented by centrifuging. 
After several repetitions of this procedure, the cells and nuclei are all broken 
up. The suspension then consists almost entirely of short threads, fairly uni- 
form in diameter, which are several times as long as metaphase chromosomes. 
The volume of one of the longest threads from salmon blood is not more than 
one two-hundredth of the volume of the resting nucleus of the salmon erythro- 
cyte. That these threads are the chromosomes is shown by their size (the dip- 
loid number would only partially fill the resting nucleus) and by their strong 
positive Feulgen reaction. The chromosomes dissolve completely in 1.0 molar 
sodium chloride; and from the viscous solution a typical desoxyribose nucleo- 
histone can be precipitated by dilution. Analysis of the complete chromosomes 
indicates that they consist almost entirely of desoxyribose nucleohistone, with 
no more than a slight trace of ribose nucleic acid, if any. 





Poutson, D. F., Yale University, New Haven, Conn.: Origin and early de- 
velopment of the nervous system in Drosophila melanogaster in normal and Notch- 
deficient zygotes. A full analysis of the developmental abnormalities 
characteristic of deficiencies for the facet locus (typical Notches) has neces- 
sitated a study of the origin and development of the normal nervous system of 
Drosophila.——Eggs from the Oregon R and Notch strains, incubated at 25°C, 
were fixed at intervals, sectioned and silver impregnated by a modification of 
the Bodian method. Other sections were stained with iron-hematoxylin. 
First indications (4} hours) of the normal nervous system are the neuroblasts 
which appear lateral to the ventral midline and in the region of the brain and 
come to lie between the ectoderm and mesoderm. These undergo mitoses and 
become fairly numerous. After 6 hours (from fertilization) these undergo un- 
equal mitoses producing small nerve cells and larger cells which continue un- 
equal division. In 8-10 hour embryos the ventral nervous system consists 
largely of these smaller cells and extends the Jength of the embryo. When the 
embryo undergoes shortening after 10 hours these become closely compacted, 
and regions of nerve fiber outgrowth become apparent. Segmental nerves begin 
their outgrowth and are more easily seen at later stages when the ventral 
nervous system becomes still more condensed. In embryos older than 12 hours 
few mitoses are observed, and these are principally confined to the brain. This 
indicates that the larval nervous system, like other larval structures, undergoes 
much of its visible differentiation after mitosis has ceased. In 15 hour embryos 
nerve fibers and paths are clearly traceable. In the deficient embryos there is 
hypertrophy of the entire nervous system, nerve fibers are slower in dif- 
ferentiating, and the parts of the nervous system are irregularly connected. 
The cells in normal and abnormal nervous systems are of the same size. 
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Power, MaxweELt E., Osborn Zoological Laboratory, Yale University, New 
Haven, Conn.: Neurological action of genes which reduce eye size in Drosophila. 
It has formerly been demonstrated that the optic glomeruli of Drosophila 
melanogaster undergo a volumetrical hypoplasia which is proportional to the 
genetical induced reduction in the size of the compound eye. Further study of 
the Bar alleles and eyeless-2 in microscopic sections has shown that the volume 
of the glomeruli is correlated only with the facet number of the adjacent side. 
The ommatidia present on one side have no detectable effect upon the optic 
glomeruli of the opposite side, the ommatidia-glomerulus relationship being 
autonomous on each side. In cases where fibrillar attachment is not established 
between ommatidia and the brain the optic glomeruli are histologically like 
and volumetrically not statistically different from those of completely eyeless 
flies. Thus it is suggested that the hypoplasia of the gomerulus is not a primary 
action of the genetic factors which reduce facet numbers but rather a secondary 
result of the ingrowth of a smaller number of centripetal fibers from the geneti- 
cally reduced peripheral eye field. 





RUSSELL, W. Lawson, and EArt L. GREEN, Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Me., and Ohio State University, Columbus, Ohio: 
A skeletal difference between reciprocal F, hybrids from a cross of two inbred 
strains of mice. Variation in number of lumbar vertebrae in the C57 black 
and C3H strains of mice and their reciprocal hybrids is defined by the percent- 
age having five lumbar vertebrae—the remaining animals showing either six, or 
a tendency toward that condition as indicated by asymmetry at the lumbo- 
sacral border. Three hundred thirty-five male and 303 female hybrids, ob- 
tained in 89 litters from 13 C57 black femaleXC3H male matings, showed 
respectively 33.4 and 24.1 percent with five lumbar vertebrae. The reciprocal 
hybrid gave 68.1 percent in males and 45.8 percent in females, out of respec- 
tively 182 and 166 animals in 60 litters from 13 matings. The difference be- 
tween the reciprocal hybrids is statistically significant in each sex even when 
allowance is made for possible littermate correlations. In the parental strains, 
498 Cs7 black animals showed 1.4 percent, and 980 C3H animals 96.9 percent 
with five lumbar vertebrae. The reciprocal hybrid difference therefore, is, in 
the maternal direction. A total of 1278 F, animals showed no significant dif- 
ference between the progeny of the two F; reciprocals, indicating that in 
neither sex can the difference between reciprocals be attributed to genetic 
factors. It may therefore be concluded that the difference is due either to cyto- 
plasmic inheritance or, more probably, to a uterine influence. 





RUSSELL, ELizABETH S., and W. Lawson RvussELL, Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Me.: A quantitative histological study of 
genic effects on coat color in the house mouse. Histological study of size, shape, 
quality and intensity of color, number, and distribution of hair pigment gran- 
ules in a wide variety of genotypes, involving A¥, A”, a, B, b, P, p, D, d, C, 
c**, c*, and c, has provided new information on the action of these genes. In 








aa combinations, and non-yellow regions of A“A”, the granules vary greatly 
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in size, shape, color, and number. Substituting 6b for BB always changes 
granules from black-sepia to brown, but rarely affects number. Substituting 
pp for PP always produces an arrangement characterized by many tiny shreds 
of pigment with a few flocculent masses. The chief effect of substituting dd for 
DD is reduction in number of granules and partial clumping. Substituting 
cc for CC in aaBBDDPP reduces size, but not number, of granules, and has 
no effect in aabbDDPP. All other C-series substitutions studied affect granule 
number, while some apparently affect intensity, but never quality, of granule 
color. In A¥a combinations, and yellow regions of A“A™”, the granules are 
bright yellow spheres of constant size, varying only in number. The gene d and 
the C-series, which affect number of granules in aa combinations, have a 
marked effect on A¥%a genotypes, while 6 and ~, which on an aa background 
change other granule characteristics much more than number, have little 
effect on A¥%a combinations.——In all combinations, variation in distribution 
of granules seems to be associated with the quantity of pigment produced ir- 
respective of the particular genes concerned. 





Sawin, P. B., and D. Giicx, Brown University, Providence, R. I., and 
Newark Beth Israel Hospital, Newark, N. J.: Inheritance of “atropinesterase,” 
a blood enzyme of the rabbit. Early studies of the effect of atropine on the 
animal body showed that certain species, including man, monkey, cat, and dog, 
are highly sensitive to the drug, while others, such as the rat, guinea pig, rabbit, 
goat, and pig, are relatively insensitive. Examination of the serums of 540 
rabbits belonging to five unrelated families and crosses between them shows 
not only that the blood of some rabbits can destroy atropine while that of 
others cannot, but that the ability to destroy it is transmitted in a typical 
mendelian manner. Enzyme activity was determined by the manometric 
method employing the Warburg apparatus as has been described elsewhere. 
Blood serums of animals of the proper matings at three months of age or older 
were taken in the laboratory at Providence and sent by mail to Newark to be 
examined within three days. Rabbits which possess this enzyme and are thus 
able to hydrolyze atropine inherit the peculiarity in a gene (As) borne in the 
same chromosome as the gene (£) for the extension of black pigment in the 
coat. The gene (As) is incompletely dominant, homozygotes producing the 
enzyme more effectively than heterozygotes. The enzyme is not present at 
birth, appears first at about one month of age, and tends to be the greater in 
females. The present study illustrates the manner in which inheritance of other 
biochemical variations occurring in the larger laboratory animals could be ap- 
proached effectively and economically through cooperation. 





Scott, J. P., Wabash College, Crawfordsville, Ind.: Differences in the social 
organization of mice caused by differences in social behavior (fighting of males). 
When kept in similar environments, males of the C-57 and C3H inbred 
strains (originally from the Jackson Laboratory) show differences in fighting 
behavior. Either strain may be taught to fight or not to fight. With equal 
training, the C-57 males become more active fighters or are more easily in- 
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hibited. Small amounts of repressive training may leave the C-57 males in- 
hibited and the C3H not. When two males of one strain are placed together 
the following types of social organization are seen, both heredity and training 
being important indirect factors: (1) C-57, trained to fight—one male domi- 
nant, and loser avoids winner, (2) C-57, inhibited—no dominance, (3) C3H, 
trained to fight—dominance, but loser does not avoid winner, (4) C3H, in- 
hibited—no dominance. These results help to confirm the theory that social 
organization is determined by the social behavior of the individuals concerned, 
and artificial societies of mice may assist in the solution of certain simple 
human problems. 





SINGLETON, W. R., Connecticut Agricultural Experiment Station, New 
Haven, Conn.: Breeding behavior of C30 a diminutive P 39 mutant whose hybrids 
show increased vigor. Purdue 39, the most widely used sweet corn inbred, 
mutated to a semi-dwarf form, C30. This inbred is entirely normal and similar 
to Purdue 39 in every respect except smaller. The average height of all P39 
plants in 1942 was 72 inches, while C30 plants were only 42 inches high. The 
ear size is similarly reduced. C30 X P39 shows complete dominance of the P39 
growth habit. Such plants when selfed produce 25 percent of C30 type plants. 
The F, hybrid backcrossed to C30 produces 50 percent of each type, showing 
clearly a segregation due to a one gene difference. When C30 and P39 are each 
crossed to a common inbred C13, the C30XCr13 crosses yield in some cases 
significantly more than the P39 C13 hybrids. The difference is more pro- 
nounced when P39 and C30 are crossed by C15. Here seems to be a truly 
heterotic factor giving increased vigor in hybrids although the inbred itself is 
much reduced in size. 





SmitH, HARotp H., Bureau of Plant Industry, Beltsville, Md.: Effects of 
different proportions of specific chromosomal complements on size in Nicotiana. 
From crosses among certain doubled or undoubled chromosomal forms of 
Nicotiana Langsdorffii Weinm. (n=9), N. Sanderae W. Wats. (n=g), and the 
F, Langsdorffii X Sanderae the following polyploid combinations were obtained: 
LLLS, LLS, LSS, and LSSS. L represents a haploid complement of NV. Langs- 
dorffii (small-flowered species) and S a haploid complement of N. Sanderae 
(large-flowered species). The size of corollas in the intermediate types was 
directly proportional, on a logarithmic scale, to the relative amounts of Langs- 
dorffii and Sanderae genoms present. When the data were arranged in series so 
that two complements of either species were added, one at a time, to different 
genetic backgrounds, it was apparent that the addition of the second comple- 
ment caused a smaller change and rate of change in corolla size than the ad- 
dition of the first. The effect of total chromosome number was observed by 
comparing the following 18 and corresponding 36-chromosome types: LL vs. 
LLLL, LLXLS vs. LLLS, LS vs. LLSS, LSXSS vs. LSSS, and SS vs. SSSS. 
In each type the length of the tubular part of the corolla was increased by the 
double number of chromosomes, but the limb measurement was not appreci- 
ably affected. The effects of four different single extra chromosomes from N. 
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Langsdorffii on the background of the F; were studied. It was found that two 
of the extra chromosomes each caused a decrease in the size of all regions of the 
corolla, whereas the other two caused an increase in the size of one region and 
decrease in another. 


SONNEBORN, T. M., Indiana University, Bloomington, Ind.: Development 
and inheritance of serological characters in variety 1 of Paramecium aurelia. 
Dilute antiserum from a rabbit injected with stock P of variety 1 of Para- 
mecium aurelia paralyses and kills this stock, but not stock 60. The principal 
antigen that differentiates stock P from stock 60 is determined by a single 
dominant gene. When the heterozygous hybrid (P X60) is selfed or crossed 
to the recessive, the antigen can still be detected in the recessive progeny for 
four to eight fissions (“cytoplasmic lag”); thereafter it cannot be detected. 
When the dominant gene is introduced into recessives, the antigen cannot be 
detected in the heterozygotes for several fissions; then, over a period of many 
fissions, the antigen-antibody reaction gradually increases in intensity until it 
reaches the level normal for the stock P.—— Dilute antiserum against the 100 
percent homozygous stock 60 paralyses and kills nearly all members of this 
stock, but in some clones individuals arise that are unaffected by this anti- 
serum. The serum-fast condition is lost within a few fissions unless the serum- 
fast animals are exposed to the antiserum. After such treatment, the serum-fast 
condition persists during vegetative reproduction. Many lines are still serum- 
fast after more than 275 cell generations in antiserum-free culture medium, but 
other lines lose their serum-fastness after fewer fissions. It is always lost after 
either cross or self fertilization within nine fissions. These results agree with 
some of those in the literature under the name of Dauermodifikationen. They 
appear to throw some light on the genetic nature of some of the well-known but 
puzzling persistent changes of virulence in pathogenic organisms. 





STADLER, L. J., and Seymour FocEL, U. S. Department of Agriculture and 
University of Missouri, Columbia, Missouri: Gene variability in maize. I. Some 
alleles of R (R’ series)——The gene R affects the occurrence and extent of 
anthocyanin pigmentation. Known alleles include forms with colored seed and 
plant (here designated R’), colored seed and colorless plant (R*), colorless seed 
and colored plant (7’), and colorless seed and plant (r?). Previous experiments 
have shown that in spontaneous mutation of R’, mutations affecting seed and 
plant color occur independently——The present study is a comparison of 
alleles of the R” class from 1g relatively unrelated individual plants (chiefly 
from strains grown by different Indian tribes), taken as a sample to indicate 
the variability in the naturally occurring forms of this gene. Twenty-two 
stocks were included in the comparisons, since in three cases a single founda- 
tion plant yielded two distinguishable R’’s.——The alleles were compared in 
backcross segregations with r* (maximal plant color) and r® (no plant color), 
and in matings of the type R*R¥Xr*. In effect upon plant color, the alleles 
differ (1) in specific regions affected and (2) in intensity of pigmentation in 
certain regions. The series is non-linear—that is, in various cases one allele 
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excels another in pigmentation of certain regions, while the reverse is true of 
pigmentation of other regions. In such cases compounds show in each region 
pigmentation similar to that of the more pigmented parent. Additional 
criteria applied in comparing the alleles were (1) reaction to a modifier inducing 
variegation of R-determined pigmentation, (2) aleurone color in homozygous 
and heterozygous endosperms, and (3) frequency of spontaneous mutation. 
The results indicate that few if any of the 22 R’’s studied are identical. 





STADLER, L. J.,and HERSCHEL RomaAN, U.S. Department of Agriculture and 
University of Missouri, Columbia, Missouri and University of Washington, 
Seattle, Wash.: The genetic nature of X-ray and ultraviolet induced mutations 
affecting the gene A in maize. Among a large number of alterations affect- 
ing A induced by X-ray treatment, and a smaller number induced by ultra- 
violet treatment, those most nearly approaching the typical genetic behavior 
of gene mutations were selected for detailed study and comparison. With 
X-rays, only a very small. proportion of A-alterations are haplo-viable, and 
only two cases were found with normally developed pollen. The X-ray mutants 
studied included these two (a-X1 and a-Xz2) and a defective pollen type, 
a-X3, which is haplo-viable in the female gametophyte. The ultraviolet 
mutants studied, all of which produce normal pollen, include a-U1, a-U2 
and a-U3, with phenotypic effects similar to a, and A", with phenotypic 
effects intermediate between A and a. All three X-ray mutants show 
lowered haplo-viability, as indicated by transmission of the mutant a (general 
designation a*) through co and 9 germ cells of A a* individuals. Transmission 
of a-X1 is lowered thru co gametophytes and normal thru 9 ; a-X2 much 
lowered thru co’, somewhat lowered thru 9 ; and a-X3 lacking thru o, much 
lowered thru ?. Both a-X1 and a-X2 are lethal when homozygous, and com- 
pounds of the X-ray mutants in all three possible combinations are lethal. 
Crossing over in A a* plants is approximately normal with a-X1, lowered with 
a-X2, and much lowered with a-X3. In all four ultraviolet mutants, o&' and 9 
transmission is normal, homozygotes and compounds are viable and are 
normal in development, and crossing over is normal. By the use of an un- 
stable duplication covering the A region, homozygotes and compounds of the 
various mutants were produced and sectors resulting from loss and alteration 
of the duplication segment studied. These studies show that all three X-ray 
mutants involve loss of the effects not only of A but of additional genes affect- 
ing chlorophyll development and cell viability. All four ultraviolet mutants 
are free from these associated effects. 











STEINBERG, A. G., and F. C. Fraser, McGill University, Montreal, Que.: 
The interaction of rhino with Naked and hairless. Rhino-hairless (hr™/hr) 





mice lose their hair in the same way as hairless, but show wrinkling like but 
not as extreme as that of rhino. In heterozygous Naked; rhino-hairless 
(N/n; hr*/hr) mice the first appearance of the hair coat is delayed. The coat 
is short and rough. Depilation of the body is typically Naked in pattern but the 
feet show typically hairless depilation. Wrinkling is characteristically rhino. 
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The skin remains pigmented (70 days to date). N/N; hr/hr mice lack vibris- 
sae and hair at all times. Wrinkling is typically rhino but exaggerated. The 
nails are soft and thin but show a definite tendency to elongation and spiraliza- 
tion as in rhino. Mr. FRASER’s studies of the histology of hr™, hr, N and their 
combinations indicate that rhino skin is similar to hairless in that it shows the 
same irregular shortening of the follicles before depilation; however, rhino 
forms a greater number of hair canal cysts. This is probably the reason for the 
increased wrinkling shown by rhino mice. Preliminary observations indicate 
that there is a widening of the hair canals in both rhino and hairless mice 
immediately preceding hair loss. It is likely that this is the immediate cause of 
depilation. The interactions of rhino with hairless and Naked may be explained 
as follows: Hairless and rhino affect the same chain of reactions, but rhino more 
so than hairless. In Naked, weaknesses in the hair shaft result in a bending and 
buckling of the hairs during their eruption. The consequent irritation of the 
hair canal accentuates the tendency toward cyst formation evident in hairless 
and rhino mice. 


STEINBERG, A. G., and F. C. Fraser, McGill University, Montreal, Que.: 
Marcelled, a new recessive mutation affecting the coat of the house mouse.—— 
Marcelled (suggested symbol ma) is an autosomal recessive mutation whose 
most obvious phenotypic expression is a waviness of the coat in young mice. 
The wave is tighter than that of wa-1 or wa-2, and the individual hairs are 
shorter and more irregular than those of wa-1 or wa-2. The vibrissae of ma mice 
are short and very irregular, much more so than those of wa-1 or wa-2. As yet 
no comparisons between ma and Ca have been made. The irregularity of the 
vibrissae permits classification of ma at birth. In the adult the coat loses its 
waved appearance but remains short and rough. Crosses with wa-1 and wa-2 
show that ma is not allelic to or linked with either. In the F; of ma X wa-1 four 
distinct phenotypes result: wild type, wa-2, ma, and wa-2;ma, the last named 
being the most extreme waved. Work in progress indicates that the same is 
true of the F,; between wa-1 and ma. This would suggest that ma affects the 
coat through a different mode of action than either wa-1 or wa-2. Work in 
progress indicates that wa-1 and wa-2 affect the same reaction system since 
the F, of wa-1 X wa-2 is not wild type but very slightly waved. The interaction 
between hairless and marcelled is similar to that described by Davin for hair- 
less and waved. Linkage tests made to date indicate that ma is not linked to 
A, B, his, or wa-2. Further linkage tests are planned. Both sexes are fully 
fertile and their viability is excellent. 


STERN, CurT, University of Rochester, Rochester, N. Y.: Cumulative and 
competitive action of alleles and their bearing on the position effect. In Dro- 
sophila the fourth chromosome gene cubitus interruptus (ci) is recessive to wild 
type (+) at 25° and slightly dominant at 14°. At both temperatures the efiect 
of two doses of ci is more normal than that of one and less than that of three. 
Thus, ci contributes toward normality. The normal allele alone, in single dose, 
assures normality at 25° but not at 14°, where a slight ci effect appears. At 
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14° the heterozygote +/ci deviates more from normality than flies carrying 
the +-allele alone: the cumulative effect due to “addition” of ci to a genotype 
containing ci only, is reversed into an antagonistic effect if ci is added to the 
+-genotype. Possession of both positive and negative properties of the ci- 
allele may be interpreted, following WricuT, in terms of (1) power of the gene 
to combine with a limited cellular substrate (S) and (2) efficiency of the gene 
in converting S into a product involved in formation of normality. The ci- 
allele appears lower in both combining power and efficiency than the +- allele. 
Position effects of the +-allele (DUBININ) show decrease of dominance of 
+ without a change in expression of the homo- or hemizygous allele. Position 
effects of the ci-allele (T (ci); Dr. G. HEIDENTHAL and author) demonstrate 
increase of dominance of ci T (ci)/+ and decrease of cumulative action in 
T (ci)/ci. The effects become intelligible if considered as due to competition 
for S which is decreased in these translocations relative to the combining power 
of the alleles. 





Straus, F.S., and J. W. Gowen, Iowa State College, Ames, Iowa: Hetero- 
sis: its mechanism in terms of chromosome units in egg production of Drosophila 
melanogaster.——A cross between two inbred strains of Drosophila melano- 
gaster showed an increase in egg production of almost 100 percent above the 
average of its parents. Genetic analysis demonstrated that significant amounts 
of heterosis were contributed by each chromosome pair. The total heterotic 
increase equaled the sum of the individual chromosome effects—that is, no 
interactions or combination effects could be detected. The relationship, there- 
fore, between vigor as measured by egg production and chromosomal heterozy- 
gosis was definitely linear. The heterosis due to the individual chromosomes 
proved to be proportional to their “active” length as measured by band num- 
ber in the salivary chromosomes and by crossover units. The physical length of 
the salivary and metaphase chromosomes and the percentage of visible loci 
showed a significant but not equally close fit. These were the most impor- 
tant results of the study which was based on the following procedure. By a 
genetic technique involving dominant markers and inversions all possible 
homozygous and heterozygous combinations of the first three chromosomes 
from the two inbred lines were obtained forming a balanced 3 X3 X3 factorial 
design. This design permitted an efficient and accurate statistical evaluation 
of the factors responsible for heterosis. Environmental differences were elim- 
inated by testing all chromosomal types at the same time in a randomized 
complete block experiment. 





StroneG, L. C., Yale University School of Medicine, New Haven, Conn.: 
Maternal inheritance of fluorescence of Harderian glands in mice. Studies 





with ultraviolet light have disclosed the facts (1) that the Harderian glands of 
C;H mice have a pronounced red fluorescence, and (2) that the Harderian 
glands of JK mice have very little or no red fluorescence under the same con- 
ditions. In the present study, data are presented which show the following 
new facts: (1) the degree of fluorescence in the Harderian glands of mice of the 
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F, generation is intermediate between the readings for mice of the two ances- 
tral stocks, and (2) the female parent contributes more of the characterisiic 
of fluorescence to the F; than does the male. Thus a further parallel is drawn 
between the presence of protoporphyrin in the Harderian gland and suscepti- 
bility to give rise to spontaneous tumors of mammary origin. 


Trimm, E. W., and E. W. Linpstrom, Iowa State College, Ames, Iowa: 
Experimental proof of mutation in virulence of the bacterial wilt pathogen of 
maize.—— Beginning with a single cell of Phytomonas stewartii with medium 
plus virulence, 55 mutants were isolated and stabilized. These 55 mutant 
strains, plus six parental strains and three controls, total 64, were tested for 
virulence in a triple-lattice greenhouse experiment by individual plant inocu- 
lation of a highly susceptible, sweet corn inbred line. The 55 mutant cultures 
exhibit highly significant differences in degree of virulence as measured by a 
lesion index and by a plant-weight index. Most variants emerge with a level of 
virulence lower than that of the parents. Three of the mutants showed a higher 
level of virulence, two of them being significantly higher than the parental 
mean. The 55 mutants differed also in colony morphology, breeding as true 
for this morphology as did the parental strain. 


VILLEE, CLAUDE A., University of North Carolina, Chapel Hill, N. C.: 
Phenogenetic studies of the aristapedia alleles of Drosophila melanogaster. 
Normally in aristapedia the entire arista is transformed into a tarsus, complete 
with bristles and claws, whereas in aristapedia-Bridges only the base of the 
arista is changed to a fleshy lobe, the rest being plumose. The expression of 
these mutants may be altered greatly by exposing developing larvae to cold 
(14.14°C) or heat (29 or 35°C) treatments for various lengths of time and dur- 
ing various days of larval life. Both the heat and cold treatments have their 
greatest effect in what corresponds to the fourth day of normal development. 
Cold treatments increase the expression of aristapedia-Bridges, in extreme in- 
stances approximating the aristapedia phenotype. Heat treatments decrease 
the expression of both aristapedia-Bridges and aristapedia. Cold treatments 
of aristapedia show no effect, and cold treatments of heterozygous aristapedia 
larvae do not alter the dominance. The leg tarsi of the two stocks react differ- 
ently to cold treatments: the legs of aristapedia-Bridges flies show marked de- 
fects, being reduced in size and in number of segments, whereas aristapedia leg 
tarsi are not affected by the treatment. By setting up a stock combining aris- 
taless and aristapedia-Bridges, it was found that at normal temperatures the 
antennal appendage acts like an arista and is reduced in size by the action of the 
aristaless gene; when given cold treatments, it acts like a tarsus and is no longer 
affected by aristaless. Cold treatments therefore render aristapedia-Bridges 
physiologically as well as morphologically similar to aristapedia, since arista- 
pedia antennal tarsi are also unaffected by aristaless. 





Wuittnc, ANNA R., University of Pennsylvania, Philadelphia, Pa.: Hatch- 
ability and chromosome changes of Habrobracon eggs X-rayed in prophase I and 
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metaphase I.—— Dosage-hatchability curve of unfertilized eggs X-rayed 
in metaphase I indicates that death results from one event. (Lethal dosage 
1250 r.) There is no evidence for recovery. Absence of a low dosage threshold 
for injury and of a high one for chromosome clumping and retardation (up to 
15,000 r) eliminates chromosome stickiness as a factor. After treatment, frag- 
ments (double, terminal deletions?) are found in telophase I spindle or between 
metaphase II plates; occasionally smaller ones (single?) are found in one or both 
telophase II spindles. No bridges have been observed before cleavage. Per- 
centages of eggs without fragments are higher than corresponding hatchability 
percentages. The two curves are roughly parallel. Fragments per treated nu- 
cleus vary as the 1.59 power of dosage for 250 rand soor. This decreases with 
each increase in dosage, but data are not statistically significant. These phenom- 
ena suggest that broken metaphase chromosomes, like those in spermatozoa, 
undergo neither restitution nor recombination while condensed. Eggs 
X-rayed between synapsis and diakinesis (prophase I) have lethal dosage of 
about 40,000 r. Chromosomes in these stages do not react with Feulgen. Dos- 
age-hatchability curve, almost identical in three independent experiments, 
depends upon unknown combinations of 1-hit and multiple-hit events, is com- 
plex and has not been analyzed. No cytological effects appear at low dosages. 
This removes possibility that high resistance depends upon extensive elimina- 
tion of dicentrics in division I. At high dosages bridges have been seen in 
divisions I and II. Cleavage of eggs treated in either stage may show bridges 
or may show fragments produced by two breaks in a bridge. 








Woo LLEy, GEORGE W., Roscoe B. Jackson Memorial Laboratory, Bar Har- 
bor, Maine: “Misty,” a new coat color dilution in the mouse, Mus musculus. 
An exceptionally light-colored male mouse was found in the Jackson Labora- 
tory dilute brown strain of mice (JAX dba, ddbbaa). The exceptional male also 
possessed a white tail tip and a unilateral rectangular shaped white belly spot. 
Marked variations in color are not characteristic of the parental stock. The 
variation has proven to be distinct from other dark eye mutations causing 
general color dilution in the mouse. Three locations for these have been known 
for a number of years, the albino allels c* and c, leaden /nu/n and dilution dd. 
One of the few single alphabetical symbols not now used in mice m (misty) 
was used to designate this mutant gene. mmbbaa and mmBBaa mice are more 
intense in color than /nlnbbaa and ImlnBBaa or ddbbaa and ddBBaa mice. 
mm allows more pigment in extremities such as the hair tip, ears and tail than 
either nin or dd. The light underfur of mm is useful in classification. The above 
mutation is the first general coat color variation noted and published on in the 
dilute brown strain since it was originated by Dr. C. C. LITTLE in 1909. The 
strain has been produced in large numbers during its many years of existence 
and used extensively in genetic and physiological studies in many countries. 
The particular subline in which the mutation occurred had not been crossed 
any wider within the strain than brother-sister for 26 generations. It has been 
possible to continue the inbreeding and at the same time produce a new true 
breeding misty-dilute, (that is, mmddbbaa) branch of the stock. The white tail 
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tip and an occasionally belly spot is a characteristic of the new branch but not 
of the Mmddbbaa segregates which are maintained in part of the new sub- 
strain. 


ZAMENHOF, S., Biological Laboratory, Cold Spring Harbor, N. Y.: Proteo- 
lytic enzymes and mutations. This experiment was designed to test whether 
proteolytic enzymes in sublethal doses are able to split “non-vital” linkages 
in the gene molecule and produce mutations. Sublethal doses of trypsin and 
pancreatin have been introduced by injections into Drosophila larvae. In 
addition, eggs younger than 1 hour (timed) have been treated with trypsin 
solution. The mortality was 75 percent due to proteolytic action. Surviving 
animals were tested by means of C/B method. The test did not show any in- 
crease in mutation rate. It seems therefore that the proteolytic enzymes are 
unable to produce mutational changes prior to death of the cell; however, it is 
also possible that due to the selective permeability of the cell membranae the 
enzyme cannot penetrate into living nuclei of the germ cells. 





ZAMENHOF, S., and M. DEMEREC, New York, N. Y., and Carnegie Institution 
of Washington, Cold Spring Harbor, N. Y.: Heavy water and mutations. 
Sublethal doses of heavy water have been introduced into Drosophila larvae 
by feeding and by injections. Because of the high degree of penetration, it 
might have been supposed that the deuterium was built into the gene molecule. 
Treated males were tested for lethals by the C/B method. Cultures were raised 
on standard food. The test did not show any increase in the mutation rate. It 
is concluded that deuterium in the gene molecule did not change the structure 
of the latter, or else that this structure was changed temporarily but reverted 
again when standard food became available. 
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